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EXECUTIVE SUMMARY

The Midwest Flood of 1993 was without precedent in many respects, such as the weal extent nnd
duration of minfell that led to it, the severity of flooding at mrmy locations, nud the institutional response
of the nation. The ensuing public attention aod reection generated Congressional authorization and

appropriations for the Corps of Engineers to conduct a comprehensive, system-wide study to assess flood
control and floodplain management in the areas that were flooded in 1993.

The Floodplain Management Assessment of the Upper Mississippi end Lower Missomi Rivers and
their tributaries, or FPMA, was authorized by House Resolution 2423, dated November 3, 1993. Congress
provided funds in the Fiscal Yesr 1994 Energy end Water Development Appropriations Act, which was
signed into law as Public Law 103-126.

The authorizing language from Congress and subsequent guidance provided by Headquarters, U.S.
Army Corps of Engineers established the following 11 objectives for the condnct of this assessment:

a) Describe resources and project futore conditions;
b) Identify desires of local interests;
c) Describe varying ontputs from ultemative uses of floodplain resources;
d) Describe fnrces that impact floodplain resources;
e) Array alternative actions;
~ Evalnate and prioritize alternatives based on consultation und coordination through public
workshops or similar mechanisms;
g) Prepare a report to document efforts, present conclusions, nnd recommend subsequent follow-
on studies;
h) Identi& critical facilities needing added flood protection;
i) Examine differences in Fedeml cost shnring on the upper and lower Mississippi River system;
j) Evaluate cost effectiveness of nltemative flood control projects; and,

k) Recommend improvements to the current flood control system.

The FPMA has attempted to be responsive to these objectives while complementing the work
accomplished by m nuy others on related espects of the floodplain issues.

Probably the most notable work by others is the report commonly referred to as the “Galloway
Report”, The Administration’s Interagency Floodplain Management Review Committee published the
report in June 1994. The committee was formed to trike a fresh look at floodplain management end other
policies that may have contributed to the severity of flood dmnages. The recommendations of the report
are, as of this writing, under consideration by the Administration. Some of the needed chnnges in Federnl
flood insurance und disaster assistance progrnrns identified in the report are already enacted intn law. The
FPMA has attempted to complement the Gnlloway Report in those areas where the Corps is uniquely
qualified,

The FPMA focuses on a comparison of impacts und costs of implementing a wide array nf
dtemative policies, programs, end structural and nonstructural measures by sssuming they hsd been in
place at the time of the 1993 flood. It explores three scennrios of chonges in flood insurance, State and
local floodplain regulation, flood hazard mitigation and disaster assistance, wetland restoration, nnd
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agricultural support policies. The structural sltematives ranged fmm levees high enough to contsin the
1993 event tn tntally removing the levee system, with several intermediate alternatives. This appmsch
brackets the extmxues. ASI acceptable srdution is probably somewhere in between snd involves a
combination of alternatives. A preliminary examination is made of the hydrologic snd hydraulic effects
of watershed mensures and wetland restoration.

These impact analyses are based on results of systemic hydraulic computer modeling that
represents an advancement in the state-of-the-art in flood analysis. This modeling work was initiated by
the Corps of Engineers prior to the FPMA, but funds were nlso budgeted under the FPMA, Work
performed for the Assessment contributed to the achievement of the first hydraulic modeling capable uf
predicting impacts of random changes in floodplain storage pamrneters (such ss when a levee break

nccurs).

Since the beginning of the assessment in January 1994, Corps of Engineers Headquarters’ direction
hss been to include nny conclusions that data collection, hydraulic modeling, snd impact evahmtions could
support. The gord has been to identify and evaluate alternative floodplain and flood management
measures, including the effects nf policy changes nnd modifications to the cnrrent flood damage reduction
features in the areas that were flooded in 1993,

The FPMA is alsu unprecedented because of the high degree of cooperation and teamwork
displayed not only by the five Corps of Engineers Districts (St. Paul, Rock Island, St. Louis, Kansas City,
and Omaha), three Division oftlces (North Central, Lower Mississippi Vnlley, and Missuuri River), snd
Coqrs Headquarters, but by the representatives of the Natural Resources Conservation Service (NRCS),
the Federal Emergency Management Agency (FEMA), the U.S. Environmental Protection Agency
(USEPA), the U.S. Fish and Wildlife Service (USFWS), and the states (namely Illinois, Iow~ Ksnsas,
Minnesotn, Missouri, Nebraska, and Wiscmw.iu). The contributions of data, participation in workshops,
and review und comment on interim study products by these various off]ces helped give this msessment
a breadth of perspective beyond that available from within a single agency. Three series uf public
meetings were held throughout the study area in June 1994, November 1994, nnd April 1995, AIsu, the
Plnn of Study and “Milestone Packages” were distributed in April 1994, August 1994, September 1994,
and Jnnurrry 1995, These efforts were designed to inform and to obtain feedbsck on strategies, the strrdy
process, and data being used for evaluation. Adjustments tn study tasks during the study period resulted
from comments.

The feedback received during coordination uf the assessment highlights contrasting views
regarding use uf the floodplain. Some grnups advocate broad floodplain management concepts while
others view floodpkin management as being inconsistent with flood control and economic development,
It is UISOapparent that flood fighting and associated levee raises am part of a culture of self-reliance held
by many of the people who are protected by levees. Mnrry believe that the levees constructed 50 or inure
years ago were adequate for hydrologic conditions at that time, but that the severity nf floods has
increased due to actions in the watershed that have increased runoff or because of physical chrmges in
chnnnel or levee capacity, Countering some of these views are the concerns about vulnerable uses of the
floodplain which result in high costs of disaster relief following a flood event such as that of 1993 and
contribute to adverse impacts on the natural floodplain environment. This assessment does not resolve
all these issues or recommend an overall best plan. Rather, it serves as another tool in understanding the
relative impncts of various potentinl nctions,

2



As you review the evaluation results, findings, and conclusions please be alert tu four areas of
caution:

1. The 1993 flood event is used as a base condkion to evaluate impacts of eharrges in policies

mrd structural alternatives, ror.ogniziag that the 1993 event is still fresh iu everyone’s mirrds and prevides
a werdth of additional information on the region’s vulnerability to extreme flood events. In addition, the
1993 flood was so widespread that err opportunity existed to evahrate vsryirrg flooding IeveIs, rmrgitrg
ftem a 20-year to over a 500-ye= event in diierent areas. Its meal extent rmd duration make it a unique
flood, es every flood is. The FPMA does not provide a cemplete basis for formulating or recommending
projects, because flood ~quency analysis mrd evaluation of life cycle and cumulative benefits and costs
must first be accomplished. These were beyond the scepe of the FPMA.

2. The Findings arrd Conclusions of tiIs report are those of the five Districts mrd three Divisions
involved in the FPMA effort.

3, The results of the hydraulic modeliug of the various alternatives represent approximate wdues
that are appropriate for an overall assessment. Although further analysis could modfi results to some
degree, the general trends displayed irr this report should rcmairr the same, The unsteady-state medeling
used for this assessment addresses the relationship between stage mrd discharge, but not the relationship
between discharge mrd frequency. The fleod discharge-frequency estimates for the Upper Mississippi
River arc based on a 1970 Federal interagency agreement. There are no current plaus for revising these
estimates for either the Mississippi or Missouri Rivers based on the 1993 flood or other recent floods.
However, there is concern by many, including the Corps of Engiucers hydrologists, that those estimates
need to be revisited.

4, The data eollectcd were almost exclusively data that were rdready available, such as the

ccunomic darrrages ikem the 1993 flnod. Much of this data is aggregated at a county level, sad is not
broken dowe into floodplain reaches. Although there would be a higher level of cnfildence with data at
a greater IeveI of detail, the data used were suitable for this type of initial systemic evaluation.

Some of our more signf]cant findings and conclusions am

● Structural flood srrotection rrerformed as desimred and urevented siznif]cant damages.
Corps reservoirs performed well, reducing flood water elevations along the main stems of the

Upper Mississippi and Lower Missouri Rivers by several f-t irr mnst locations. Structural flood
protection (urbau levees mrd floodwalls) perfonrred as designed in protecting large urbau ce.ntcrx. The
Congressional General Accounting OffIce concluded that “most Corps levees performed as designed aud
prevented signitlcamt damages” (page 1I of report dated February 28, 1995).

● Asmroximatelv 80”/0 of 1993 croD damages region-wide were caused bv overlv saturated
fields. unrelated to overbank floodirw.

At least 50 percent of the total 1993 flood damages were agricultural arrd apprexirnately 80
percent of 1993 crop damages region-wide were caused by overly saturated fields or other factnrs
unrelated to ovcrbrmk flooding. These losses would not have been atTectcd by changes in floodplain
m rmagement policies. The best option to address these damages is a rational program of crop damage
insurance, Crop insurance reform legislation Citle I of PL 103-354) was enacted late in 1994.

3



* Flood damages in urban tloodsslains with inadequate or no fiood !rotection continue to

be a maior swoblem.
For the 120 counties adjacent to the Upper Mississippi and Lower Missouri Rivers mrd several

of their major tributaries that were the focus of this assessment, urban damages substantially exceeded
agricultural losses. Overbank flooding and problems associated with urbarr drainage and stonnwater
runoff continue to occur in a number of locations, as confirmed by the 1993 event.

● No sinele alternative ssrovides beneficial results throughout the svstem.
From a hydraulic evaluation perspective, the FPMA analysis illustrates that no single alternative

provides bencticird results throughout the system. Applying a single policy system wide may cause
undesirable consequences at some locations. Examination of many factors such as computed peak stages,
discharges, flooded area extent, and depth witbin flooded areas is necessary to evaluate how au alternative
affects performance of the flood damage reduction system as a whole.

* It is essential to evaluate bvdraulic imnacts systemically.
The importance of evaluating hydraulic impacts systemically is clear from the results of the

unsteady-state hydraulic modeling. Chrmges that affect the timing of flood peaks or the “roughness
coefficients” of the floodplairr can be as signflcmst as chmrges in storage volume.

* If all agricultural levees had been successfully raised and streswthened. urban flood
protection would have beerr Dlaced at much greater risk.

If the agricultural levees along the Upper and Middle Mississippi River had been raised aad
strengthened to prevent overtopping in the 1993 event, the flood stages on the Middle Mississippi would
have been au average of about 6 feet higher. Likewise, raising the levees to prevent overtopping on the
Missouri River would have increased the stage by mr average of 3 to 4 feet, with a maximum of 7.2 feet
at Rule, Nebraska, and 6.9 feet at Waverly, Missouri.

* Flood stage changes resulting from the removal of agricultural levees are hi~hly

deDendent on subsequent use of the floodplain.
Hydraulic routings, assuming agricultnrul levees arc removed show that, with continued farming

in the floodplain, 1993 stages would be reduced un average 2 to 4 feet on the Mississippi River in the St.
Louis District (middle Mississippi River). If this area would have retnmed to natnral forested conditions,
some of the system would still have shown reductions in stage (up to 2.8 feet), but increases in stages by
up to 1.3 feet would also be seen in some locations. In the Kansas City District (lower Missouri River),
hydraulic modeling shows changes in stages of -3 to +1 foot for no levees with agricultural use and -3
to +4.5 change with forested floodplains.

* Restoration of floodsslain wetlands would have little imuact on floods the mamsitssde of the
1993 event. Agricultural use of the floodplain is assrsro~riate if risk of flooding is

understood and accessted.
Converting floodplain agricultural lurrd to natnral floodplain vegetation would not reduce stages

in some locations but would marginally reduce dumage payments in the 1993 Midwest Flood.
Agricuknral use of the floodplain is appropriate when the residual durnage of flooding is understood sad
accepted within a fmmrcially sound program of crop insurance and flood damage reduction measures and
when it is compatible with essential natnrul floodplain functinns. Current theories on floodplain function
predict that the area needed for an improvement to the natnral biota is probably fairly small and that
restoration of a series of naturul floodplain patches (a string of beads) connected by more restricted river
corridors would be practical and beneficial.

4
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* Restoration of urdand wetlands would have Lwoduced localized flood reduction and other

benefits. but little effect on main stem flooding.
Hydraulic modeling of reducing the runoff from the uplaud watersheds by 5 mrd 10 percent

predicted average stage decreases of about 0.7 arrd 1.6 feet, respectively, on the Upper zrrd Middle
Mississippi River zad about 0.4 znd 0.9 feet, respectively, on the Lower Missouri River. However,
wetland restoration measures zlone would not have achieved Oris level of runoff reduction for the 1993
event because of the extremely wet errtecedent conditions. Restoration of uphrrd wetburds would produce
Ioczlized flood reduction benefits, but have Iittle effect on mzinstem floodirrg caused by the 1993 event.
There me other rezsons for why restoration of uplzud wetlands is very importzrrt, such zs reduced
agricultural exposure to flood dzrnage, water quality, reduced sedimentation, and increzsed wildlife habitat.

● State and local floodrtlain zoning can be an effective means of siting critical facilities out

of harm’s wav.
State arrd local floodplain zoning ordinances znd regulations could be most effective in

determining the sitirrg of criticzl facilities that have the potential for relezsing toxic or ha.czrdous elements
into the environment when flooded.

● More extensive reliance on flood insurance would better assure arm rormiate resDonsibilitv
for flood damages.

More extensive reliance on flood insrrrznce would better zssure that those who invest, build, and
live in the floodplain zccept appropriate responsibility for the damages znd other losses that result from
floods. Expenditures for the 1993 flood threugh the National Flood Insumrrce Program ard the Federal
Crop Insurance Corporation were less than hrdf of total diszster aid payments.

* Greater emnhasis on flood hazard mitigation actions is iustified.
More emphzsis is now being placed on use of flood hazzrd mitigation messures, especially

acquisitions of flood-prone structures, as an action that will reduce repeated Federal disaster expenditures
znd other costs associated with zrea.v of widespread znd potcntizlly substmrtizl repetitive flooding,

* Although there are conflicting mrblic viewpoints on uses of tbe floodrdairt. areas of

potential atweement exist and need to be mrrsued.
Comments heard mrd read from the public throughout the assessment followed tbrce main themes,

with vrnying degrees of acceptance zrnong the interest groups:
a) Importance of agricultural levees;

b) Need for shifted emphasis to non-stmcturzl measures atrd upland watershed measures; and,
c) Need for greater coordination mnong agencies responsible form mraging the upper Mississippi
and lower Missouri Rivers.

* Better adherence to existin~ rtolicies is a necessary. immediate, and effective first steD for

better floodplain management.
Measures that would reduce dzmages during future floods that zre not dependent upon any revised

policies cad progmms include:
a) Good maintenance of both the existing Fcdernl zrrd non-Federzl levee system.
b) State iurd local interests enforcing land use policies to ensure that uew floodplain development
does not occur or is constructed to minimize dzrnage potentizl (raising, floodpiooting, etc.)

5
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1 * ExamDtes of shifthr? dependence from disaster aid to flood hazard mitigation and flood
insurance are iustified.

A shift from dependence on disaster aid to flood hazard mitigation (floodpmofing, elevating, or
acquiring and relocating out of the floodplain) and flood insurance appeam to be occurring. The following

examples of measures that warrant fntlrer consideration generally follow the Federal philosophy of
floodplain management which recognizes that flood damage avoidance should generally be the fmt
defense against floodiog, complemented by nonstructural aud structural flood protection measures, where

appmPriate, with public education and flood insurance included es essential components to address the
residual risk of flooding:

a) acquisition of stmcturcs that are repetitively darn aged;
b) more widespread and stricter enforcement nf flood insurance requirements for individuals,
farrnera, businesses, arrd communities (already well endemvay);
c) enforcing strict consistency in eligibility for the prevision of disaster aid;
d) greatly increased emphasis on flood hazard mitigation planning ad implementation;
e) aasurirrg that communities arrd individuals are aware of the degree. of risk involved in residing
behind a levee or downstream of a darn in a floodplain, especially if less than Standard Preject
Flood (SPF) level of protection;
f) more effective floodplain management policies end zoning standards at the local level to
prevent floodprnne development;
g) an expanded boundary for flood risk zmres to go beyond designation of” 100-year” flood zones
for flood insrrrance;
h) more upland watershed retention measures that will hold or slow rainfall runoiX and,
i) continue structural pretcction when systemic analysis of impacts and life cycle cnsts indicate
this is the best solution, but with an awareness of the risks aasociatcd with induced development.

* Prer)aration for even Iarper floods is needed.
Floods greater than the 1993 flood catastrophe will happen in the future. It would be prudent to

prepare for future floods larger that the 1993 event. When we am properly prepared for catastrophic flood
events, smaller floods will be more easily accommodated.

* Much valuable data such as hvdraulic modeline. maD nine. and data inventories resulted
from the assessment studv.

The hydraulic modeling, the gathering arrd organizing of data and viewpoints, and the evaluation

of this input for the FPMA should provide an improved understanding of many floodplain m anageerent
issues. The FPMA haa played a par-t in helping to develop many new “tools” for those involved in
making floodplain management decisions. There is now a working unsteady state flow hydraulic model
on the Upper Mississippi and Lower Missouri Rivers, digitized !and use mappirrg, err environmental
resource inventory, and other products, as listed in Chapter 12 of the report.

Tbmugh the FPMA analyses, the following effnrts are considered to have greatest value in
furthering future understanding arrd enhancing sorrnd floodplain management directions:

a) hrventory turd spatial database of levees and other structures in the floodplain;
b) Inventory and GIS database of critical facilities in the floodplain;
c) Additional hydraulic mndeling (unsteady state) with more detailed mapping and coverage over
portions of the main stem rivers not yet modeled and for the larger tributaries. (A system model,
including the Mississippi, Missouri, Illinois, Ohio, and Arkansas Rivers ia scheduled to be
available by the end of Fiscal Year 1996);

6



d) A real-time, unsteady state hydraulic model aad tributary rainfall runoff forecasting models for
predicting flood crests in future flood emergencies.
e) Updated hydrdogy aad hydraulics dat% including discharge-ffe.quency relationships and water
surface profiles.
fl More extensive data and hydraulic modeling of upland watershed areas that have the greatest
potential for flood damage reduction;
g) Development and experimental testing of biological response models that arc linked to existing
hydraulic and hydrologic models;
h) If a system-wide plan for flood damage reduction is desired, economic data must be collceted,
indicating the specti]c luc.ations and elevations uf damageable pruperty; and,
i) Maintain aad update the environmental GIS data base that has been developed in this effort.
This data base can serve as an impmtant resource in developing floodplain management strategies
for spec~lc reaches and in developing a systemic management plan for natural resources.

As stated earlier, this assessment was limited in its evaluation to comparing impacts of a wide

WMY Of policies, programs, and flood damage reduction measures tu only a single event, the Midwest
Flood of 1993. Tu develup recommendations or a comprehensive floodplain management plan, either
system-wide or for specf]c reaches, would require a more complete analysis. Such an analysis would
ideally include impacts of all possible flood events, life cycle and cumulative custs aad benetits, and a
more quantitative measurement of impact categories such as environmental, social, human trauma, and
cultural. However, this assessment has taken an impnrtant step tuwerd achieving a better underxtamding
of the current uses of the floodplain, forces causing thnse uses, and impacts of various rdtemative changes
in the management of the floodplains.

The buttom line uf the assessment was prnbably best stated in one nf the comment letters on the
draft report which says, “the assessment validates the view that while structural flood control measures
are an impnrtant part of an overd floodplain management program, they have limitations and floodplains
are best managed through a combination of structural and non-structural measures that fully recognize the
inherent risk of occupying flund hazard areas”.
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General

The Midwest Flood of 1993 resulted in one
of the most costly flood disasters in United
States histo~. There were catastrophic damages
to residential, commercial, industrid, agricultur-
al, and public properties in large portions of the

upper Mississippi end lower Missouri Rivers and
their tributaries. While mauy flood damage
reduction measures reduced or prevented danmg-
es to many properties, these measures often were
not designed to withstand the magnitude of
flooding experienced during 1993, The extent of
damages resulting from the 1993 flood raised
such questions as:

- What is an appropriate level of flood
protection?

- Did flood protection measures or existing
Federal policies have any adverse im-
pacts, including the inducement of higher
levels of damage?

- What policies would lead to the best
long-term Federal investment in the
floodplain?

- What is the best means of reducing
impacts in the floodplain from future

floods?
- what is the appropriate role of agricul-

turrd levees in the floodplain?

The ensuing public discussions generated

Congressional authorization and appropriations
for the Corps of Engineers to conduct conrpre-
hensive, system-wide studies to assess the flood
control and floodplain management needs in the
areas that were flooded during the 1993 event.
The assessment was to be accomplished over an
18-month period. A systems approach to flood-
plain mmragement was to be used, recognizing
and complementing the efforts of the White
House Interagency Floodplain Management
Review Committee.

AuthorizationlOb iectives

The study was authorized by House Reso-
lution 2423, dated November 3, 1993, and was
a Congressional add in the Energy and Water
Development Appropriations Act of 1994, which
was signed into law as Public Law 103-126.
This law provided the Corps of Engineers with

aPPrOPriatiOns to conduct studies in the reaches
of the upper Mississippi and lower Missouri
Rivers and their tributaries flooded in 1993.

The eleven objectives established for this
assessment correspond to specific directives
provided in the Conference Report for the above
stated appropriations act (House Report 2445)
and the guidance memorandum prepared by the
Headquarters, U.S. Army Corps of Engineem,
dated 14 December 1993. These reference
decuments are provided in Attachment 2 of this
report.

The objectives of the assessment include
the following:

a. Describe the eaisting land and water re-
sources and make projections of future condi-
tions;

b. Identify and array the desires of interested

parties within the study area to reflect the diver-
sity of opinions regarding appropriate future
outputs from alternative uses of floodplain
resources;

c. Describe how the array of land and water
resources could be used to provide varying
outputs from alternative uses of floodplain
resources;

d. Describe the forms impacting on the use of
identified land and water resources;
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e. Develop a broad array of alternative land
and water resource cctions, includlng changes in
policy, with the potential to influence the future
mix of outputs;

f. Evaluate und prioritize alternative land and
water resource actions based on consultation aud
coordination with atlected Federal, State, and
local entities through a series of public work-
shops or similar mechanisms;

g. Prepare a report to document the assess-
ment efforts, present conclusions with regard to
potenticl actions cnd alternative futare floodplain
uses, and recommend subsequent follow-en
studies;

h, Identify criticel facilities needing added
flood protection;

i, Examine differences in Federal cost sharing
for construction and maintenance of flood con-
trol projects on the upper and lower Mississippi
River system;

j. Evaluate the cost effectiveness of altern-
ative flood control projects; and

k. Recommend improvements to the current
flood control system.

Studv Area

The study urea for the Floodplain Manage-
ment Assessment (FPMA) includes the upper
Mississippi River (from St, Paul, Minnesota, to
Cairo, Illinois), the lower Missowi River (from
Gavins Point Dam neur Yankton, South Dakota,
to St. Louis, Missouri), and major tributaries, as
shown on Figure I-1. These river reaches en-
compcss the principal crecs directly affected by
the 1993 flood. The assessment will focus on
the floodpl@ of these river reaches, generally
considered to be the “bluff-to-bluff area.

I-2

Organization Structure

The North Central Division (NCD) OffIce
had the oversight mle for the assessment, and
the St. Paul District was the Ieod District for
completing the assessment. The actual work was
accomplished in cl] five Districts (St, Paul, Rock
Island, St. Louis, Kaasas City, and Omeha).

Strateey

The Floodplain Management Assessment
has been directed to be responsive to objectives
laid out by Congress in the authorizing legisla-
tion and to complement tbe work that has been
cnd is being accomplished by many others on
related aspects of the floodplain issues. It is

anticipated that this evrduation will be mmther
step in achieving a better understanding of the
current uses of the floodplain, forces causing
those uses, cnd impacts of vmious alternative
changes in the management of floodplains,

Four key reports that preceded the FPMA
have been significant fcctors in shaping the
strategy, sources of data, and direction of the
conclusions retched in this report. They cre
briefly summarized below, Attachment 1 of this
report provides a more detailed summmy of etch
report aod $e addresses for obtaining copies of
the four reports.

1) The Interagency Floodplain Manage-
ment Review Committee Report of June 1994,
entitled, “Sharing the Challenge: Floodplain
Management in the21 st Century” (or commonly
referred to os the Gclloway Report).

The Interagency Floodplain Management
Review Committee was established as part of the
Administration’s Flood Recove~ Tusk Force.
The missinn of the Review Committee was to:

- Delineate the major causes and con-
sequences of the 1993 flooding;

- Evaluate the performance of existing
floodplain management cnd related watershed
management programs; and





- Mnke recommendations to the
Administration’s Floodplain Management Task
Force on changes in current policies, programs,
rmd activities of the Federnl Government that
would most effectively achieve risk reduction,
economic etllciency, and environrnentnl enhance-
ment in the floodplain and related watersheds.

2) The Preliminary Report of the Scien-
tific Assessment and Stratefl Team (SAST),
which is Pad V of the above report,

The SAST was chartered by the white
House in November 1993 “to provide scientific
advice und assistance to officials responsible for
making decisions with respect to flood recove~
in the upper Mississippi River Basin. ” It was
incorporated into the Floodplain Review Com-
mittee in January 1994 to serve as its research
am for scientific analysis. The 16-member
SAST team operated from the Earth Resources
Observation System (EROS) center in Sioux
Falls, South Dakota. Since March 1994, SAST
continues to function as a distributed team with
members working at their home ollces or labo-
ratories.

3) “The Great Flood of 1993 Post-Flood
Report of the Upper Mississippi RNer and
Lower Missouri River Basins,” which wos
completed in September 1994, by the U.S. Army
Corps of Engineers. The five appendices were
prepared by the St. Paul, Rock Islaad, St. Louis,
Knnsa.s City, and Omaha Disti”cts and the main
report was prepared by the North Central Divi-
sion.

The Post-Flood Report was intended to
document information that will be of use to
professionals within and outside the Corps of
Engineers in connection with future pluming
programs associated with reservoir water-control
management, floodplain management, end emer-

gency management. The report summarizes the
meteorology of the 1993 flood event, including
antecedent conditions that led to the flooding
conditions. The hydrology and hydraulic param-
eters of this flood xre compared to previous
events, and there are numerous tabulations of

river stages, discharges, frequencies, nnd flood
extent mapping, as well as descriptions of the
effect that levees nud reservoirs had on the
flood. The Corps of Engineers activities dining
the flood event nre documented, including reser-
voir operations, and emergency and recovery
measures. A preliminary description aad ap-
praisal of flood dnrnages is provided.

4) The Economic Damage Data Collec-
tion Report of Februruy 1995 by the U.S. Army
Corps of Engineers,

The Lower Mississippi Valley Division hna
collected data on the impacts of the Great Flood
of 1993, establishing a databuse containing this
data, mrd is preparing a repori entitled, “Impacts
of the Great Flood of 1993, Upper Mississippi
and Lower Missouri River Basins. ” This infor-
mation quantifies the impacts of this great flood
uud includes maps that depict the areal extent of
the flooding. The impacts are presented by
county, State, end Corps District.

Another ongoing effort to assess the exist-
ing methods and procedures used by the Corps
to oddress economic, social rind environmental
needs in flood management planning is being
conducted by the Institute for Water Resources
(IWR), A drnft report entitled “An Evaluation of
Curps of Engineers Flood Control Feasibility

Studies for the Upper Mississippi River Basin:
1973-1994” wns completed in March 1995. As
with the FPMA, this report is considered to be
au information document rather thmr a policy-
setting anulysis.

The objectives for the IWR report were to

aPprtise the rationnle used in decision-making in
feasibility studies for flood control in the upper
Mississippi River Basin. The stated need for the
aualysis is similar to that defined for the FPMA.
It states that the economy of tbe upper Mississip-
pi River Brrsin has grown and is expected to

continue to grow. Pressures for more intensive
development of the floodplains have increnaed
over the yeers with the growing trend for urbarr -
ization and the scarcity of inexpensive or easily
developed vacmrt land. The continuing !xcnd of
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achieving higher uses of floodplain lnnds greatly
increases the value of property that is susceptible
to potential flooding. This increase is influenced

by a growing economy mrd an improved level of
national wealth. As a result, the potential for
future damage from disasters similar to the

Midwest flood of 1993 will continue to escafate
unless substantive chenges to current prnctices
and policies em made,

The means of conducting the fWR mralysis
was to study 26 sample Corps of Engineers
feasibility reports recommending flood danrage
reduction projects, The results of this roralysis

are scheduled to be available as a final draft
repnrt Iater this year.

The evaluations accomplished by the above
efforts and other initiatives identified in this
report had a significant impact on the direction
and conclusions of this assessment. To best
accomplish the objectives def~ned for this assess-
ment while complementing the above efforts, it
was decided to focus primarily on qumrtifying
the impacts different stmctrrral arrd nonstmctuml
proposals would have had if they had been in
place at the time the 1993 flood event occurred.
Because of the large land urea involved in the
study, rnrd the many different aftematives identi-
fied by the public mrd others to be considered,

some of the evaluations concentrated on limited
reaches of the rivers, urrd different changes ned
policies and programs were combined to fornr
three distinctive “scenarios. ”

Since the study encompasses floodplains
ulong over 3,500 miles of rivers, the assessment
cmrnot fully evaluate the urray of alternatives on
all reaches of the rivers subjected to flooding in
1993. Representative river reaches were used
for more detniled evaluation of specific altern-

atives, end patterns were analyzed to detemrine
whether application of these evaluations could
reasonably be made to other similar reaches.

Systemic mrrdyses were performed only on the
main stem portions of tbe Missouri rural Missis-

sippi Rivers, mrd most floodplain analyses were
limited to major rivers. Therefore, the vust
majority of the floodplains arrafyzed were wider
tharr 0.6 mile.

The basis for estimating the effects of the

various alternatives was to compnre what hap-
pened in 1993 with what would have occurred in
1993 if that eltemative had been in place at the
time of the flooding. The analysis was not able
to cumparc the annualized life cycle costs of
aftematives with arrnrrrdized flood dmrrages to
formulate mry preject recommendations. Instead,
the analysis simply compares how implementat-
ion of various policies, prograrrrs, nr flood
control measures would have affected what
achrully occurred in the 1993 flood. Using the
1993 flood as the base condition for the compar-
ison of impacts of various alternatives does not
mean that the entire focus of the FPMA is on

very lerge errd infrequent flood events. The

stndy area includes river reaches that experi-
enced less tharr 20-yerrr flnoding. Therefore,
there ure opportunities to measure tbe churrge in
impacts for botb small arrd lerge events by
recognizing tbe level of flooding experienced in
ditTeTent river reaches of the study area.

Combining a number of policy and pro-
graru changes into a consistent package of
measures constitutes a scenario for this assess-
ment. Scenarios offer contrasting visions, show-
ing where aftemative floodplain management
philosophies could lead. The scenrrrios ere

intended to represent a rarrge of policies mrd
programs, without intending to recommend a
defined mmragement plan. This framework for
evalrration did not result in selection of a best
plarr, but rather it provides insights for future
plrurning to properly focus on those factors with
the most impact.

The policy measures comprising the scenar-

ios involve proposals that potentially affect the
ways in which exposure to flood problems cerr
be addressed. Actions that are directed toward
chrnrging the magnitude of floods themselves,
primerily throngh stmchrrnl measnres, ure being
modeled and addressed as part of the analysis of
“action alternatives.” These include alternatives
involving changes to the existing network of
levees.

The purpose of attempting to combine
impact categories, scenarios, and action altema-
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tives in the evaluation franrework was to give
substurrtial, consistent, urrd equal treatment to
both “rronstructura~ and “structural” alternatives
as a part of this assessment. The scenarios were
the mechanism that was developed to make
certain that the many “nonstructural” policy and
program issues of interest would be fully consid-
ered. Upon the advice of collaborating agencies,
the FPMA stady team concluded that a valid
methodology for aggregating the impacts of
scenario measures and combining them with the
effects of the hydraulic action alternatives does
not exist, Accordingly, the impacts of scenario
measures and hydraulic action alternatives are
presented separately,

Identified early in the assessment was a
misconception regurding the magnitade of the
flood danrages. Much of tbe damages reported
were not directly attributable tn overbank flood-
ing, but to crop darrrage from the excessive reins
causing overly saturated snils in upland areas
Floodplain management and flood protection
measures cannot reduce these damages; the best
option to address these damages is a rational
progranr of crop insurance. Therefore, an at-

tempt has been made to separate those darnages
from the overbank flood damages.

The terrrr “agricultural levee” is used exten.
sively throughnut this report, The definition
provided in the glossary (Attachment 6) is “A
levee that protects agricultural areas where the
degree of protection is usually less than that of
an urban area. ” It is understood that many times
these agricultural levees provide flood protection
for more than crops due to development behind
the levees, such as residential areas, critical
facilities, transportation systems, or industry.
Therefore, the term “agricultural levee” is gener-
ally understood to be any levee that does not
provide a high degree of protection (50- or 100-
year) to predominantly urban areas. For the
alternatives involving agricultural levees in this
assessment, only Federal agricultural levees have
been included in the hydraulic routings and
impact urralysis.

Hydraulic modeling has been completed for
six systemic alternatives, using the 1993 flood
event u the baseline condition. These include
agricultural levee removals, agricultural levee
raises to contain the 1993 flood event, a system
of 25-year agricultural levees, a levee setback
alternative, rcmovai of reservoirs, and watershed
reductions of runoff by 5 and 10 percent. Hy-
draulic model runs, defining expected changes in
flood stages, were provided to the environmental
and ecnnomic work groups for evaluation of
potential impacts.

Conclusions are provided in Chapter 12 of
this report. “Findings,” which me greater in
number, are located at the end of each chapter.
These findings represent notable results from the
chapter’s evaluations and have been consolidated
into a shorter list of conclusions for Chapter 12.
The findings are rdso provided as a list in At-
tachment 9 of this report. The five appendices,
which are bound separately from the main
report, provide further background and support-
ing documentation for the assessment. Chapter
12 also provides a list of key products that have

been developed or enhanced as a result of the
FPMA, such as UNET modeling on the Missis-
sippi rmd Missouri Rivers, digitized land use
mapping, environmental resource inventory,
critical facility lists and mapping, etc. These
products should be thought of as tools to better
reach decisions on the management of our

floodplains.

Any proposed changes in Corps nf Engi-

neers budgetmy constraints, cost sharing require-
ments, or justification of projects have not been

addressed in this assessment. The primary focus
instead has been on how the impacts of the 1993
flood would have varied if a range of alternative
measures, policies, or programs had been in
place during the Midwest Flood of 1993. This
report is being distributed to the public concur-
rently with submittal to the Headquarters, Corps

of Engineers. Subject to approval, it will be
transmitted in sequence to the Acting Assistant
Secretary of the Army for Civil Works, the
OffIce of Management and Budget, and Con-
gress.
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CHAPTER 1- FLOOD DESCRIPTION

Descrirrtion of the MLssissirmi and Missouri
Rker Basins

The Mississippi River rises in the lake and
forest counhy of north-central Minnesota and
flows 2,350 miles to its mouth in the Gulf of
Mexico. Over this journey, it falls 1,463 feet
aad drains 1.25 million square miles or 41
percent of the land area of the continental United
States.

That portion of the Mississippi River drain-
age lying above its confluence with the Ohio
Rker at Cairo, Illinois, is commonly referred to
asthe upper Mississippi River Basin. (Note that
for the Mississippi River itself, the reach up-
stream from St. Louis iscalled theupper Missis-
sippi River, the reach between St. Louis and
Cairo is the middle Mississippi River, mrd the
reach downstream from Cairo iscrdled the lower
Mississippi River.) Theupper Mississippi River
Basin encompasses approximately 714,000
square miles, which is 57 percent of the total
Mississippi River Basin aad 23 percent of the
land area inthe continental United States. This
area includes its principal tributary, the Missouri
River Besin, which drains 529,000 square miles
above its mouth at St. Louis, Missouri, including
9,7oo square miles in Canada. The Missouri
River drains 74 percent of the upper Mississippi

River Basin but contributes only 42 percent of
the long-term average annual flow at St. Louis.

As the Mississippi River leaves the northern
woodlands and Iakes above Minneapolis-St. Paul,
Minnesota, it meauders southward past fertile
prairies, villages, and cities. Along the way,
numerous tributaries join the Mississippi River
and add to its flow. The drainage area of the
Mississippi River has six major subbasins: the

upper Mississippi, Missouri, Ohio, Arkansas,
White, and lower Mississippi. Historically,the
Missouri and Arkansas Rlvershave conhibuted
greater nmounts of sediment, while the Ohin
River contributes the greater percentage of water

discharge and the least concentration of sedi-
ment. The floodplain afongthe main stem of the
Mississippi River varies inwidtb from approai-
matelythree-qumters of amileto more than 14
miles, and averages about 5 miles wide.

The Missouri River rises along the Continen-
tal Divide inthenorthem Rocky Mountains rmd
flows generally easterly and southeasterly to join
the Mississippi River near St. Louis, Missouri.
Its drainage area includes all of Nebraska and
parts of Missouri, North Dakota, Kansas, Colora-
do, Wyoming, Montana, South Dakota, Iowa,
Minnesota, and Canada. Hydrologically, the
Missouri River Basin is divided into trvo por-
tions, with demarcation at Sioux City, Iowa.
The upper besin contains 314,600 square miles

asrd the lower portion contains 208,100 square
miles.

Descrir)tion of Floodin~

The Great Flood of 1993 affected a large
portion of the midwestem United States, crossing
boundaries of several Corps of Engineers Dis-
tricts, including: St. Pard, Rock Island, Omaha,
KammsCity,andSt. Louis.

The flood was unique in its areal extent as
well es in its duration, It encompassed several
months of relatively heavy rainfall that occurred
at a time when the ambient conditions aheady
posed agreater probability for flooding. Along
the Mississippi River, mmryofthe Federal and
non-Federal levees either overtopped or were
breached as a result of the record-breaking
stages.

The 1993 flood was the greatest flood ever
witnessed in some locations. Theareal extent of
thepersistent minfall and flooding was unprece-
dented. Overthe nine-State region of the Upper
Midwest, the U.S. Geological Survey (USGS)-
measured discharges exceeded the 10-year event

at 154 stream gaging stations, exceeded the 100-
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yeer event at 46 stations, end exceeded the flood

Of record at 42 stations (some nf which have
more thun a century of data). Flood frequencies
exceeded the 500-year event at some locatinns
along the Missouri aad Mississippi Rivers, es
well as some of their tributaries,

The flooding on the Mississippi Rker was
the most devastating in terms of property dem-
age, dismpted businesses, rmd personel trauma of
any in the history of the United States. Millions
of acres of farm laud were under water for weeks
during the growing season. Damaged highways
and roads disrupted overlarrd transportation
throughout the flooded region. Portions of the
river were closed to navigation for almost twn
months. The bunks end chennels of the Missis-
sippi River were severely eroded in many reach-
es. In addition to the erosion of the river, ero-
sion of valuable topsoil was a majnr prublem.
The extent card duration of the flooding caused
numerous levees to fuil.

Flood effects ulong the muin stem of the
Mississippi River were generally confined to
neer-benk areas and channel infrastructure from
St. Paul, Minnesota, to Gutenberg, Iowa. There
was no significant flooding upstream of Lock
and Dam 1 in Minneapolis, Minnesota. Evesy
gaging station on the Mississippi Rker below
Lock end Darn 15 tn Thebes, Illinois, experi-
enced a new flood of record,

Flood conditions nn the Mississippi River
differed abnve end below the confluence of the
Ohio River. At Thebes, Illinois, 46 miles up-
streem from the confluence, severe flooding
occurred on the Mississippi River. Downstremn
from the confluence, flooding on the Mississippi
River was not severe because of less-than-aver-
age dischurge contributed by the Ohio River end
a substantially larger channel capacity in this
reach of the Mississippi River, The dkcherge of
the Ohio River wus less thau average during July
uud August 1993 us a result of generally dry
conditions end low reservoir outffows throughout
the Ohio River.

The wet spring of 1993 resulted in the Mis-

souri River rising above flood stage in early May
end navigation being suspended from river mile
197.0 to 354.0. By May 16, the river wss
reopened tu navigating, end the flood event was
terminated on May 20. This relatively minor
event set the stage for a series of events that
would result in record flows and steges on the

Missouri River snd record pool levels at severel
lake projects during July aud August. Portions
of the Missouri River were closed tn navigation
in July ead August 1993. Individual reaches
were closed and opened during the flood based
on the flnw conditions in that reach. Hydrologic
and hydraulic effects of excessive runoff during

the summer of 1993 resulted in severe end
widespread floodirrg throughout the lower Mis-
souri River basin in Missouri, central end eest
Kcnses, southeast Nebraska, and south centml
and southwest Iowa, Several intense storms in
July, combhed with wet antecedent conditions,
were the principel causes of the severe flooding
conditions. Record flooding inundated Ierge
ereas — residential, industrial, and agricultural.
The extent and duration of flooding caused
levees on the Missouri River to fuil or be over-
topped. The Missouri River was closed to
navigation for 49 days, from July 2 to August
20. Even after the record-setting florid had

pessed out of the Missouri River Basin, during
August end September, continued reinfall caused
recurrences of flooding in localized ares.% Also,
rainfrdl continned to interfere with post-flood
cleanup end rehabilitation.

As a result of the flood, the Federel Emer-

gency Management Agency (FEMA) declared
505 counties in nine States eligible for either
individusd or community assistance. This natural
disaster killed 47 people and forced 74,000
people from their homes. It also disrupted

commercial activity ell along the Mississippi and
Missnuri Rivers end udjacent areas and destroyed
thousands of acres of crops. In eddition to the
crop losses, mauy furms elso lost vitel strnctnres,
facilities, snd equipment. The impacts of the
flood em further described in Chapter 3 (Existing
Floodplain Resources rmd Impacts of the 1993
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Flood) and Chapter 5 (Establishing Base Condi-
tions for Evaluation).

Weather Factors

Although rainfall records were not broken in
the upper Mississippi River Basin in the fall of
1992, November rmd December had well above
norm al amounts. In Novem her, rainfall totafs
were two to three times the normal amount, In
the first seven months of 1993, more thrm 20
inches of rein fell over most of the flood-afYect-
ed arm, with more than 40 inches of rainfall
occurring in areas of northeast Kansas rard east-
central Iowa.

Precipitation during the winter of 1992-93
mrd the spring of 1993 was above normal and
temperatures were below normal tbrougbout the
lower Missouri River Basin. Persistent rains and
early snowmelt culminated in high spring runoff.
With the exception of some areas in Colorado
aad western Kansas, which had below normal
precipitation, the period of April and May was
wet and cool.

A wet-weather pattern persisted over the
Upper Midwest for about 6 months. This pattern
resulted from on eastward-flowing jet stream that
extended from central Colorado northeastward
across Kansas to northern Wisconsin. Because
of this jet stream, a weather-front convergence
zone formed across the Upper Midwest during
the spring and summer months that preceded the
flood. Moist, werrn air from the Gulf of Mexico
was drawn northward along this jet stream where
it collided with cooler air masses drawn out of
central Canada.

This combination of extreme conditions
generated frequent occurrences of prolonged and
excessive precipitation over the upper Mississip-
pi River Basin, leading to the destructive floods,
There has been some speculation that the 1993
floods might have been associated with green-
house gas-induced global warming and related
circulation changes. The quantitative research
that has been done suggests, however, that
central North America will have a drier climate

as a result of global warnring, although the most
recent hypothesis is that highly variable rmd
extreme conditions could result, at least initially.
Thus, both extreure flood and extreme drought

am consistent with the global warming theory,
and the 1993 floods ceunot conclusively be
connected with this phenomenon.

Simihwly, the volcanic emption of Mt.
Pinatubo in June 1991 has likely tiected global
merar temperatures, but the exact nature of the
changes in circulation which might have resulted
from the eruption are not known, Therefore, it
is ditlcult to link the floods to the eruption. As
with global wararing, considerable study and
analysis will be required before any conclusions
cm be drawn regarding the impact of the erup-
tion on global circulation and specific rainfall
patterns. Prelimimuy tests using the current El
Nino Southern Oscillation (ENSO)-related sea-
surface temperature anomalies in the tropical
Pacific in a numerical climate model at the
National Meteorological Center show a response
that replicates tbe observed precipitation and
temperature aaomaIies to a noticeable extent,
This suggests that the current long-lived ENSO
evmrt is probably contributing to the large-scale
atmospheric features associated with the floods.
Similar, though less intense, features were also
observed in 1992, however, with no significant
flooding occurring in the ereas atTected in 1993.
Moreover, Wayne Wendlarrd, Illinois State Water
Survey, showed that, for eight ENSO events of

vwying intensity since 1952, the associated mean
precipitation over the upper Mississippi Rker
Basin differed by less than 10 percent from the
long-term average for the period 196 I-1990, In
mry case, there were certainly other contributing
factors to the 1993 floods. It will take more
detailed analysis, involving both observations
and coupled oceadatmosphere global circulation
models, to get a definitive understanding of the
role of sea surface temperatures in the tropicel
Pacific in the recent extreme precipitation events.

Description of Storms

One of the unusual aspects of the floods of
1993 wrrs that they were not the product of one
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siugle, lerge-scale event, such ns an intense
synoptic scele cyclone or snowmelt and runoff.
The flood-producing rsinfall events were typicrd-
ly the result of thunderstorms repeatedly forming
mrd moving over the same ares, a phenomenon
sometimes referred to as the “train effect.”
Storms of this kiid usually form right rdong, or
just to the north or northwest of, a slow moving
or stationary front aligned parallel or nearly
pamflel to the upper air winds. Weather distur-
bances moving along the surface front will cause
the warmer air to the south or southeast of the
front to be forced to rise over the cooler air te
the north or notiwest. In an area determined by
the air mass and circulation characteristics, the
warm air will have risen to a level where it will
begin to rise freely and rapidly due to convec-
tion, generating thunderstorms which then move
with the upper winds, In these situations, it is
common for thunderstorms to form in and then
move over the same areas, one after the other,
creating the “train effect.”

The nfignment of the surface fronts aud the
jet stream during tJre summer of 1993 was highly
favorable for the formation of the kind of weath-

er disturb nuces which set off the “tmin effect”
thunderstorms, The intensity of these storms,
once they formed, wns then enhnnced by tbe

extreme natare of the temperature contrasts
across the region and the intensity of the jet
stream.

By the summer of 1993, the menn position
of the jet stream was tindy established over the
northern portion of the Mississippi River basin
with a southwest-northeast orientation. Major
flooding begaa nfter a particularly heavy rainfall

period in mid-June in southwest Minnesota and
northwest Iowa, This included record flooding
on the Minnesota River.

a relatively small, convective pocket dumped
seversJ inches of rain on the crests, rapidly
boosting the river levels and flooding a water
treatment plnut in Des Moines. This rsinfafl
event nlso led to record flooding on portions of
the lower Missouri River and combined with the
crest already moving down the Mississippi River,
causing record river stages from the Quad Cities
area, through St. Louis, and as far south as
Thebes, Illinois.

Another major precipitation impulse occurred
July 21 to 25. The heaviest rains were focused
farther south thnn the earlier events, with espe-

cially heavy rnin falling over eastern Nebraska
and Knnsas, leading to second major crests on
both the Missouri and Mississippi Rivers, A
third smaller crest occurred on the Missouri
River in late August.

Hydrologic and Hydraulic Antecedent Condi-
~

There are a number of conditions which can
tiect runoff in a river bnsin and result in major
flooding. The four most significrmt conditions
relevant to the floods of the summer of 1993 in
the upper Mississippi nnd lower Missouri River
Basins were base flow, snow cover, soil mois-
ture, and antecedent precipitation,

1. Base Flow

Along the Mississippi River from Hastings,
Minnesota, to Gutenberg, Iowa, flows displayed
an average fluctuation consistent with the alter-
nating patterns of colder and milder weather.
This trend was elso generally observed along the
Mississippi River tibutmies in western and
central Wisconsin, except that base flows tended
to remain somewhat above average for most of
the season along these tributaries. On the Min-

Following a short dry period, the area expe-
rienced a prolonged siege of heavy rainfall from
late June extending through July 11. This
included extreme precipitation on July 9 in Iowa,
which resulted in record flooding on the Rac-
coon aud Des Moines Rivers. Just as the crests
from these two rivers reached Des Moines, Iowa,

nesota River, base flows were well above the
monthly averages throughout the winter.

From Lock nnd Dnm 11 in Gutenberg,
Iowa, to Lock and Dnm 22 in Saverton, Missou-
ri, streamflows were unusually high during the
winter and spring of 1992-93. River flows at

1-4



Lock and Dam 11 were between 30,000 and
40,000 cubic. feet per second (cfs) in January and
Februmy, compared to average flows of 25,000
cfs. Lock and Dam 22 recorded river flows
greater than 60,000 cfs for most of the same
time period, compared to average flows of
35,000 cfs. The Rock and Illinois Rivers, two
major tributaries to the Mississippi River from
the Illinois side, experienced similar unseason-
ably high base flows throughout the winter.

This indicates high base flow as a moderate

contributing factor to the summer floods on the
tributaries, and as a very significant contributing
factor to the summer floods.

2. Snow Cover

Although not record breaking, the snow
cover in the upper Mississippi River Baain at the
beginning of the 1993 spring season was some-
what greater than nonsraf, particrdaxly in south-
ern areas. Across southern Minnesota and
western and central Wisconsin, snow depths at
the end of February 1993 were generally in the
9-to 18-inch range with water equivalents in the
2- to 4-inch range. Frost penetration ranged

from 14 inches at Lamberton to 34 inches at
Morris in Minnesota, with a similar range in
western and central Wisconsin. These values are
not abnormal, and suggest that snow and soil

conditions at the end of winter 1992-93 were not
significant contributing factors to the floods of
the summer 1993. Melting snow, however, did
combine with above normal spring rains and
below normal spring temperatures to adversely
affect soil moisture conditions.

3. Soil Moisture

Soil moistnre across Minnesota, Wisconsin,
and Iowa in the spring of 1993 was extremely
high, making this a significant contributing
factor tothefloods of thesummerof 1993. The
following shows soil moisture as a percent of
capacity in four States of the nine-State area

Mimtesota 85 percent
Iowa 85 percent
Wisconsin 75 percent
Illinois 80 percent

These high vafues meant that a large percentage
of new precipitation had nowhere to go but
directly into runoff.

4. Precipitation

Precipitation patterns over Minnesota, Wis-

consin, mrd Iowa since 1992 were a significant
contributing factor to the floods of 1993. No-
vember 1992 precipitation was higher thmr
average inallofthe Midwest. Statewide prccip-
itation records in Iowa, Minnesota, and Wkcon-
sin were the greatest of any November since
1895. Illinois and Missouri were the seomrd
wettest. The period January tbruugh August
1993 broke manyprecipitation records, Thefmt
three months of 1993 generally recorded near
normal precipitation. The spring of 1993 was
characterized by two highly significant climatic
factors: above normal precipitation and below
normal temperatures.

Above normal precipitation fell in most areas
in April and throughout the region in May.
Nearly twice the normal precipitation fell in
May. This above normal precipitation was
accompanied by significrmtly below normal
temperatures. Mean April temperature ranged
from 3 to 4 degrees below normal across the
entire area, with isolated stations reporting
monthly averages about 7 degrees below normal.
Monthly average temperatures for May were
colder tban normal by 1.5 to 2.5 degrees Celsius.

Rainfall for May varied from 4 inches in

Missouri, Iowa, Minnesota, and southern Illinois
to more tbasr 6 inches in the western haff of
Iowa and extreme Missouri. This combination
of precipitation and temperature had several
effects. The above normal precipitation, com-
bined with the melted winter snowpack, left soils
veV close to saturation. The cooler tempera-
tures inhibited evapotranspiration, further pro-
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meting saturated soil conditions and pending in
fields. Both of these conditions delayed planting
and inhibited crop root growth, which further
contributed to excessive runoff.

How Well Flood Control Measures Performed

The effects of flood control structures are
questioned eve~ time a large flood occurs, and
the Great Flood of 1993 proved to be no excep-
tion. Almost every night, the news media
showed film of levees overtopping and rnmpag-
ing floodwaters entering protected areas. Essen-
tially, little media coverage was seen of flood
control projects successfully preventing flooding.
The impression on the part of the general public

seemed to be: Why is a flood occurring with rdl
the flood control structures that exist? What has
gone wrong? The perception was that there had
been a “failure” of flood control structures.

Contmry to popular belie~ stnwtoral mea-
sures - levees, floodwalls, and reservoirs - per-
formed extraordinarily well during the flood of
1993, All structures that were designed for an
event of this magnitude prevented flooding to the
areas protected by the structures. In fact, many
levees designed for events less severe them the
1993 flood also stood up to this event due to
heroic floodlight measures. Were it not for
Federal flood control structures, an additional

$19 billion in dnmages (based on estimates from
existing damage curves) would have been experi-
enced.

Existing reservoirs provided $11 billion in
damage prevention in tbe 1993 flood and re-
duced flood stages up to 5 feet in the main stem
rivers. Three major urban levees/ffoodwalls in
the St. Louis nrea would have overtopped with-
out the reservoir reductions. Six levcex in
Knnsas City would have overtopped without the
Missouri River Basin reservoirs.

Existing levees provided $8 billion in dnm-
age prevention in the 1993 flood. Damages of
$4.1 billion are estimated to have been prevented
by levees along the Missouri River, especially
around the Kcnsns City metropolitan area. A

significant portion of an estimated $3 billion in
damages prevented around the St. Louis metr-
opolitan area was attributable to levees. Another
$1 billion or more in damages was prevented
along the upper Mississippi River and tributaries
in the Rock Island and St. Paul District areas.

Re.sDonse and Recoverv

Under Public Law 84-99, the Corps of Engi-
neers may provide emergency assistance for
flood response and post-flood response activities
to save lives end protect improved property (i.e.,
public facilities/services nnd residential/commer-
cial developments) during or following a flood.
Acting for tbe Secretary of the Army, the Corps
is also authorized to undertake activities includ-
ing disaster preparedness, advance measures,
emergency operations, rehabilitation of flood
control works threatened or destroyed by floods,
and provisions of emergency water due to con-
taminated sources.

District Emergency Operations Centers
(EOCS) were activated, and flood area engineers
were dispatched to areas to provide technical
assistance which included the following:

— 24-hour-a-day service to local communi-
ties by field EOCS;

— Operation of permanent flood control
projects;

Emergency construction techniques for
levee raises, closures, nnd sandbagging opera-
tions; nnd

— Monitoring flood protection works.

Corps personnel provided technical engineering
support such es: mechanical and structural design
nssistnnce, hydraulic and hydrologic forecasting,
end gcotechnical soil stability assessments. Field
personnel worked in teams of two; one member
of each team was an engineer or an engineering
technician.

Based upon past experience of the area flood
engineers, inform ation was provided to the
communities regarding areas of potential seep-
age, sand boils, nnd erosion potential. Informa-
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tion regarding emergency interior drainage

treatment facilities and technical assistance on
filling sandbags, the proper use of polyethylene,

and the sizing and placement of portable pumps
was also provided to the communities.

As the flood progressed, it soon became

aPP~ent that human resources wOuld not be
enough to handle the work load. To solve this
problem, the Districts involved in the flood sent
out requests for personnel to other Divisions and
Districts and other agencies such as the Bureau
of Reclamation. In some Districts, retirees who
were familiar with dams and levees were re-
called to supplement the staff

Every lock on the Mississippi River encoun-
tered a unique set of problems, Dockmasters at
each lock determined what parts and equipment
they would need even before the flood crest.
They also determined what parts could be saved,
dried, and repaired, and what equipment would
be replaced. The locks were ready for operation
before the Coast Guard had determined the river
to be safe for traftk.

The extended spring high water mrd abnor-
mal June-July flooding resulted in severe
shoaling of the chmmel and required extensive

dredging in the St. Paul and St, Louis Districts.
There were several channel closures as a result
of the combination of shoaling, vessel
grounding, and the efforts of the vessels to get
free.

Despite the critical situation for navigation,
every effort was made to avoid adverse environ-
mental impacts from dredged material placement.
Nearly 80 percent of the material was placed at
locations where the material was considered a
beneficial use. Most of the remaining 20 percent
was placed at designated tempormy sites where
long-term plans are to remove the material and
transfer it to permanent beneficial use locations,

On the Missouri River, impacts to the navi-
gation projects were substantial in that stone-
ti[Ied dikes mrd revetment structures were se-
verely damaged in at least 45 locations and will
have to be repaired or replaced. The side chan-

nel areas were also severe] y eroded, allowing for
potential chmmel change and shoaling conditions
to develop within the channel.

Findin~

l-a) The 1993 flood was the greatest flood

ever witnessed in some locations. The areal
extent of the persistent rainfall and flooding
was unprecedented. Over the nine-State
region of the Upper Midwest, the USGS-

measured discharges exceeded the 10-year
event at 154 stream gaging stations, exceeded
the 100-year event at 46 stntions, and exceed-
ed the flood of record at 42 stations (some of
which have more than a century of data).
Flood frequencies exceeded the 500-year event
at some locations along the Missouri and

Mississippi RNers, as well as some of their
tributaries.

l-b) Existing reservoirs provided $11

billion in damage prevention in the 1993 flood
and reduced flood stages up to 5 feet in the
main stem rivers. Three major urban lev-

eeshloodwalls in the St. Louis area would
have overtopped witbout the reservoir reduc-
tions. Six levees in Kansas City would have
overtopped without the Missouri River Basin
reservoirs.

l-c) Damages of $4.1 billion are estimated

to have been prevented by levees along the
Missnuri RNer, especially around tbe Kansas
City metropolitan area. A significant portion
of an estimated $3 billinn in damages prevent-
ed around the St. Louis metropolitan nrcw was
attributable to levees. Another $1 billion or
more in damages was prevented along the

upper Mississippi River and tributaries in tht
Rock Island and St. Paul District arms.

l-d) Floods greater than the 1993 flood

catastrophe will happen in the futu rc. It
would be prudent to prepare for future floads
larger than the 1993 event. When wc art
properly prepared for catastrophic flood
events, smaller floods will be more easily
accommodated.
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CHAPTER 2- FORCES IMPACTING USES OF THE FLOODPLAIN

Introduction

The Floodplain Management Assessment
(FPMA) study has exmained the forces inrpact-
ing uses of the floodplain. This exaarination
includes a Historical Evaluation, a statement on
Ecnnomic and Social Forces, an Institutional
Inventory, and a review of Policies and Pro-
grnms. The Historical documentation includes
a look at: (1) historical reconstiction to develop
a picture of how the relatively undisturbed
system functioned compared to how the system
functions today; (2) historical data to document
preproject channel conditions, describe channel

stability/instability, and identi& patterns of
development; (3) riverine-riporian biodiversity in
the historic floodplain; and (4) an assessment of
the relative impacts of dams, diversions, levees,
and other impacts. The Economic and Social
Forces influencing uses of the floodplains am
only briefly addressed in this chapter since these
areas have been more extensively addressed by
others in separate studies. The Institutional
Inventory includes a compilation (list) of Feder-
al, State rmd Local Agencies; Tribal Gover-
nments; Organizations and Interest Groups; Levee
and Drainage Districts; Agriculture and Recre-
ational Interests, This list is provided in Appen-
dix D of the report. An evaluation of how these
players interact, overlap, link together, or contra-
dict purposes or goals was beyond the scope of
the FPMA. The Pulicies and Programs evalua-
tion has looked at the variations between States
and local units of government; reviewed the
compatibility of floodplain strategies; and looked
at the effectiveness of various floodplain man-
agement approaches such as the National Flood
Insurance Program. For a more in-depth analy-
sis of the policies and programs, see Chapter 6
of this report, As we have begun to analyze
these floodplain forces (Historical, Institutional,
Policies and Programs), we know that: (1) the
extent of damages from flooding has increased
over time; (2) the responses to flooding are

becoming more technical mrd sociopolitical; aad
(3) the institutional setting in relationship to
flooding has become increasingly complex.

Historical Evaluation

The Upuer arrd Middle Mississiuui River Historv
(1866- 1993~

This historical overview provides a
context for understanding how the middle aad
upper Mississippi River sad the institutional
arrangements for m mraging it had evolved by the
eve of the 1993 flood. It will also help to
mrswer questions that Congress and Corps of
Engineers headquarters have asked of the study
tema, questions that many in the public have
asked as well. These questions include: How
and wby have the existing land and water re-
sources in the floodplain been used? What is the
potential to rearrange current uses of the flood-

plain? How have various interests come to have
an irrterest in the floodplain and how did they
develop their relative strengths? How have
different floodplain management rmd flood
control practices come to be? And what mle
have Corps projects and policies played in
shaping floodplain use and development? Dur-
ing aud since the flood, uncounted stories have
been written about it. Mmry of these stories
have perpetuated common misconceptions about
the history of floodplain development and of
flood control projects and policies. Another
purpose of this history, therefore, is to dispel
these misconceptions. On the Mississippi R]ver
main stem, the flood of 1993 played itself out on
a landscape hugely established by 1940. That
landscape--physical, ecological mrd hydraulic--
was dramatically different from the one sculpted
in the eons before Europeans mrd Americans
arrived in the Mississippi River valley. The
dominant player in defining the landscape was
the Federal Government acting for navigation
interests, floodplain farmers mrd conservationists.
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By 1940, members of these groups had come to
expect Federal aid in their efforts to use the river
and its vafley. With the flood control acts

authorized for the upper Mississippi River be-
tween 1917 and 1938, Congress approved the
first major Federaf efforts to fortify the upper
and middle Mississippi Rivets agricultural
levees. After 1938, Congress and the Corps--at
the insistence of floodplain occupants--expanded
flood control to include urban areas, reservoir
prnjects, and the river’s tributaries. The greatest
changes in the upper Mississippi River Basin
after 1940 wnuld occur in the river’s tributaries
and uplands. Floodplain management received
little attention before 1960. After 1960, it would
get greater notice, but old patterns would domi-
nate floodplain and flnod control policy up to the
1993 florid.’

More than my other agency, the U.S.
Anrry Corps of Engineers has reshaped the upper
and middle Mississippi River. To understasrd
how aud why the Corps first became involved
with the river and how the Corps initially trasM-
formed the river’s landscape, we have to examine
navigation improvements. Navigation improve-
ments have been among the most powetiul
influences defining the Mississippi River rmd its
floodplains between the Ohio Rher and Minne-
apolis.

Before 1866, tbe river--especially above
St. Louis--still possessed most of its natural
character. Trees tilled asrd enshrouded it.
Hundreds of islarrds, some forsrring and nthers
being cut away, divided it, dispersing its waters
into innumerable side channels aad backwaters.
During high water, the river spread into its vast
flondphins, tilling lakes arrd sloughs, covering
low-lying prairies, and flowing through the
bottomlrmd forests. Sandbars, hundreds in the
main channel alone, segmented the natural river
into a series nf deep pools separated by shallows.
Before the Civil War, the Corps had removed
some rock from the Des Moines aod Rock Island
Rapids, had improved the St. Louis arrd Dubuque
harbors, and--particularly below St. Louis--had
pulled some trees from the river and had cut

others from the river’s banks. But, this work had
been local aad limited.’

Midwesterners. arrd the ever increasing
stream of immigrants inhabiting the Mississippi
River valley demanded more extmrsi ve and
systematic improvements. To thcm, the river
was a poorly constructed highway that promised
to become the region’s greatest commercial
artesy, if properly improved. With increasing
intensity from 1866 on, they sought access to the
Atlantic Ocean arrd the world through the Mis-
sissippi R]ver to realize their m rmifest dcstin y.
That destiny, they believed, was to become a
commercial and industrial power as strong as the
East, as well as the Nation’s breadbasket. To
fulfill this destiny, they would lobby Congress to
reshape the upper Mississippi River. In re-
sponse, Congress has authorized four broad
navigation projects for the upper Mississippi
River between Minneapolis and St. Louis since
1866: the 4-, 4!4-, 6- and 9-foot channel projects,
Each depth was set against the low-water year of
1864. Ideally, the river would curry a 4-, 4%-,
6- or 9-foot depth if it fell as low as it did in
1864, For the Mississippi River between the
Illinois River and St, Louis, Congress authorized
a 6-foot channel in 1881 and that same yeas

apprOved an 8-foot channel for the river bctwee”
St. Louis arrd the Ohio River.3

In lg66, States along the upper and
middle river convinced Cnngress tn authorize the
Corps to establish a 4-foot channel thrnugh
dredging, snagging, clearing overhanging trees,
aad removing sunken vessels. TO work cm thk
project and on surveys of the upper river arrd its
tributaries, the Corps established ofllces in St,
Paul, Minnesota, and Keokuk, Iowa, in 1866.
And in 1873, the Corps transferred duties fnr the
middle Mississippi River from its OffIce of
Western Improvements in Cincinnati to St.
Louis. With the 4-foot project, and its new
District nfflces, the Corps became the first
agency to acquire a full-time management role
on the upper arrd middle Mississippi River.’
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Under the early improvement efforts on
the middle Mississippi Rker mrd the 4-foot
channel project on the upper river, the Corps
begarr changing the river’s landscape, hydraulic.
regime, and ecosystems. By removing snags,
leaning trees, mrd sandbars, the Corps begarr--if

only slightly--allowing the river to move faster
down the main chmmeL The Corps simply did
not have the equipment, personnel, or authority
to make significant arrd lasting changes.

As the Midwest’s population mrd agricul-

tural production grew following the Civil War
and as railroads begarr monopolizing bulk com-
modity transportation in the Midwest, pressure
mounted on Congress to authorize more signifi-
cant improvements. Responding to popular

demaad and strong lobbying by the timber
indushy, farmers, rmd upper river States, Con-
gress authorized the 4Y,-foot channel project for
the upper river in 1878.s Three years later,
Congress approved a 6-foot channel for the
Mississippi River between the Illinois River arrd
St. Louis and mr 8-foot channel for the river
between St. Louis aad the Ohio River. Under
these prnjects, Congress directed the Corps to
make the upper mrd middle Mississippi River
into a predictable and reliable highway. This
memrt that the Engineers wnuId have to create a
permarrent, continuous channel fnr the entire
river between St. Paul mrd the Ohio River.

To achieve the 4%.-, 6- mrd 8-foot chmr-
neI depths, the COIPS constricted or narrowed the
main chmrnel mrd cut off marry of its side chan-
nels. They accomplished this by building wing
dams, closing dams, mrd riprapping the river’s
barrks. Long, narrow piers of rock and brush,
wing dams jutted into the river from the main
shoreline or from an islmrd. Placed in a series
along one or both sides of the channel, the wing
dams reduced its width at low flows. Funneled
between the dams, the faster moving river car-
ried more sediment. Some of this sediment the
river deposited in the calmer waters behind or
between the wing dams. Within a few years, the
space between the dams begmr tiIling with smrd
arrd plants. On the middle river, the Engineers

used hurdles. These structures were similar to
wing dams but were made by driving piles into
the riverbed mrd weaving willnw mats betweea
them. So much silt entered the Mississippi River
from the Missouri River that the willow mats
tilled quickly with sediment!

Channel constriction demanded a strong
flow of water in the main channel. Durirrg the
late summer or early fall, the Mississippi River
usuaI1y beeame a shaIlow, slow-moving stream.
Droughts had the same effect but could last an

entire seasnrr. To deliver more water to the
main channel, the Engineers built closing dams.
These dams rmr from the shore to arr island or
tlom one island to another or across side channel

openings. While the river could flow over the
closing dams when high, for much of the yea
the dams directed water into the main chamrel.
Despite navigation improvements made under the
4!4-foot channel project, steamboat trafXc on the

upper Mississippi River declined; railroads still
offered greater reliability mrd better economies
of scaIe.

In 1902, railroad baron Jmrres J. Hill
declared that shipping on the upper Mississippi

River had declined so much that the river was no
longer worth improving. Hill scared cities mrd
business interests rdong the river arrd triggered
the first sustained river improvement movement

by Midwesterners. With a strong nationaJ
interest in waterway development, a positive
survey report by the Corps, and a railroad car
shortage in 1906 that left grain rotting at Mid-
western terminals, navigation interests pushed for
and won the 6-font channel project for the upper
Mississippi Rtver on March 2, 1907. Under this
project, the Corps intensified channel constric-
tion, further narrowing the upper river.’ In 1927,
Congress would increase the middle Mississippi
River operating depth frem 8 to 9 feet. Channel
constriction aided by dredging would be the
primary methods here as well?

By 1930 the Federal Government,
pushed by navigation interests, had become the
most influential agency on the middle mrd upper
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Mississippi River. Through the channel constric-
tion projects, the Corps had transformed the
Mississippi River between St. Paul aud the Ohio
River. Irr the 140-mile reach between the Twin
Cities rnrd La Crosse, they had built over 1,000
wing dnms, and over 300 between St. Louis and
the Ohio River? But navigation supporters were
not afone in transforming the Mississippi River
to meet their dreams. Over the same era, flood-
plain farmers would greatly nfter the river be-
tween Rock Islarrd aad Cape Gkardemr.

Outside the navigation interests end the
Corps, floodplain farmers becnme the primary
interest actively transforming the Mississippi
River aud soundly establishing their stuke in how
it would be munaged. The origin of the Missis-
sippi River’s levee system is Iurgely a history of
private development. Some fnnners begun
building levees on the upper mrd middle river
before the Civil War. Soon nfter the war, they
orgnuized into levee districts aud began the first
concerted effort to secure the river’s floodplains
for agriculture. They extended and raised levees
and begmr draining the lands bebind them.
Before the Corps became involved in levee
constmction, these fnrmers had defined mnny of
the floodplains that would be taken from the
~ver,IO whemm ~hmnel constriction had ~tered

the whole upper river, reclamation and levee
building would transform the river most signifi-
cantly below Rock Islmrd.

The Corps of Engineers reluctmrtly
entered flood control on the upper Mississippi
River under its navigation improvement authori-
ty.” During the 1880s, individuals nud orgrmiza-

tions occupying the floodplain begmr pushing for
Federul help.” As early es 1884, the Sny Islnnd
Druinage District--enclosing over 110,000 acres--
south of Quincy, Illinois, asked the Federal
Government to rebuild its 50-mile-long levee.
The Corps reviewed the project and concluded
that the levee did not help navigation nnd suc-
cessfully recommended against Government
support.” But the levee district persisted, and in
the 1886, 1888, 1890, 1892 rmd 1896 Rivers and
Harbors Acts, Congress authorized funding to

preserve portions of the Sny Island levee in
danger of eroding. The Engineers used this
money to repair and riprap the levee and to build
wing darns to throw the river’s current away
from it,’4

Pressure also continued from other levee
proponents, and in 1894, Congress instructed the
Corps to survey the Mississippi River’s west
bmrk from Flint Creek, just north of Burlington,
IOWA to the Iowa River, rmd the river’s east bsnk
from Warsaw to Quincy, Illinois, Congress
directed the Corps to determine how levees
could help navigation.’f Based on the Corps
surveys, Congress, in 1895, authorkd funding
for both levees. In each cnse, the Corps was to
improve navigation “by preventing the water
from overflowing the natural and artificial banks
along that part of the river, rmd deepening the
chamrel, ....’”c The Corps completed the nearly
50-mile Wnrsaw to Quincy Levee in 1896 and
the 35-mile Flint Creek Levee in 1900.1’

By 1900, Congress had directed the
Corps to build or protect some of the most
important agricultural levees on the upper Mis-

sissippi River. In doing so, Congress avoided
diflicult constitutional questions about the Feder-
al Government’s rule iu flood protection. From
its origins, the American Government had been
reluctant to fund infrastructure projects because
they so often benefited Iocsl or regional inter-
ests.’s But, from the Corps’ perspective, working
on levees established contradictory approaches to
mmraging the upper river. Corps engineers criti-
cized protecting or building levees in the name
of navigation because levees designed for high
water flows scoured and placed sediment differ-
ently then channel constriction works designed
for low flows. Considering Corps protests and
questions about the Federal Government’s role in
flood control, Congress authorized no more levee
work for the upper river until the 1917 Flood
Control Act. ”

This did not stop farmers along the river
from building levees and claiming more of the
river’s floodplain. In 1914, the Mississippi River
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Commission reported that 52 levee rmd drainage
districts had been created between Cape
Girardeau, Missouri, and Rock Island. While
most of the levees were low and poorly built,
they defined the first major taking of the river’s
floodplains.’” The Mississippi River
Commission’s report came at the end of one of
the strongest periods of levee district formation
on the middle and upper river. Seventeen, over
half, of Illinois’ Mississippi River levee districts
were formed between 1905 and 1916. Through
their effnrts, farmers below Rock Island estab-
lished their stake in how the upper Mississippi
River would be managed for flood control and
floodplain development.

Congress had created the Mississippi
River Commission irr 1879 to develop plans for
improving navigation, to “prevent flooding,” rmd
to generally promote commerce, Its flood
prevention authority extended only to planning
efforts, however, Not until the flood of 1882 did
the Commission receive authority to build lev-
ees. But this authority was only for improving
navigation and it applied to the river below
Cairo. In the 1913 River and Harbor Act,
Congress extended the Commission’s authority to
Rnck Island?’

In a 1912 article on reclamation, Charles
W. Durham, who had been the local engineer in
charge of the Flint Creek Levee for the Corps,
captured the significance of the reclamation to

marry Midwesterners. He asserted that

Aside from the pecuniary considerations,
it is manifest that the conversion of a
low, swampy aud almost worthless tract
into an aggregation of fertile farms with

appropriate dwellings and farm buildings
occupied by an industrious and prosper-
ous population well provided with
schools and good roads and reasonably
insured against the inroad of malarious
diseases, will be of great and lasting
benefit to the public welfare mrd public
health, which am important requirements

of the drainage laws of the upper Missis-
sippi valley states.zz

Durham further contended that it had “become
imperative to protect low lands from overtlow by
means of levees and to get rid of surface water,
seepage, swamps, etc., by mmrs of ditches arrd
pumps, ....” because good land was becoming
scarce and productive lands in the floodplain had
to be preserved. “Thus the matter of conserva-
tion and improvement of the soil: he declared,
“has become one of the most potent questions of
the day and applies with force to the valleys of
the Mississippi and its tributaries.’’” Durham
represented the mind-set of most Americans

during this era--the same mind-set underlying the
push for the river’s development as a navigation
corridor. Under this mind-set, failing to use the
Nation’s bnuntiful natural resources was waste-
ful?’

Responding in part to States along the
Mississippi River, Congress passed rm ofilcial
flood control act in 1917. 25 The country’s first
flood control act, it allowed the Corps to work
on levees from the Head of Passes in Louisiana
to Rock Island and on the %crnmento River, in
CrdifOmia~’ This act, more so than the 1936
Flood Control Act, marks the formal beginning
of the Corps involvement in flood contrnl on the
upper tid middle Mississippi River. Through

this act, the Federal Government assumed au
official mle in securing the Mississippi River’s
floodplains for agriculture and gave the Corps a
new mission for managing the middle and upper
Mississippi River, a mission Congress strength-
ened in the 1928 Flood Cnntrol Act.z’ Under

these two acts, the Corps helped fortifi levees in
1I levee and drainage districts that enclosed over
260,000 acres of floodplain.2*

Then, in 1936, Congress passed the fmt
national flood control set. Along with the 1938
Flood Control Act, this act broadened the Corps’
role irr flood control on the Mississippi River.
These acts provided for flood control reservoirs,
urban or local flood protection projects, arrd
floodplain management. For the middle and
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uPPer river’s main stem, however, the acts fo.
cused on agricultaml levees. Under the 1936
Flood Control Act, Congress authorized 26
projects for the Mississippi River’s main stem

above the Ohio River. Of these, 25 called for
raising mrd enlarging existing levees protecting
agricultural lands. Only the East St. Louis and
Vicinity project was “authorized to protect err
urban area?’ Congress extended its protection of
the main stem’s agricultural levees in Ore 1938
Flood Control Act. The five levee improvement
projects arrthorired in this act were to protect
existing levee end drainage districts in Illinois
between Alton and the mouth of the Ohio River.
Together with the agricultural levee improve-
ments authorized under Ore 1936 act, these
projects fortified most of the levee system on the
Mississippi River in Missouri end Illinois. And
es the Corps had reinforced the levee system
above Alton under the acts preceding 1936, the
Corps had helped secure most of the important
agricultural levees between Rock Island nnd the
Ohio River,

Congress extended the Corps’ flood
control work to the middle and upper river’s
tributaries in the 1936 act. Congress had autho-
rized improvement of mmry of the Illinois
Klver’s agricultural levees in the 1928 act, b“t
little work had been approved for other tributar-
ies, In 1936, Congress authorized 15 prujects
for the Illinois River, 14 for agricultural levee
and drainage districts and one for a levee setback

end floodway improvement.’” Demonstrating its
willingness to consider non-levee projects,
Congress authorized four flood control reservoirs
for the mnin stem’s tributaries in the 1936 act
end another in the 1938 act. In 1936, it provid-
ed for dams aud reservoirs at Decornh, Iowa, on
the Upper Iowa River, arrd for the Des Moines
River about 60 miles below Des Moines (Red
Rock project). For Illinois, Congress approved
the Carlyle dnm and reservoir on the Kaskeskia
River, mrd for Minnesota, it approved the Lac
qui Parle darn and reservoir on the upper Minne-
sota River. Tbe Decorah, Carlyle, and Red Rock
projects were specifically aimed at protecting
urbmr populations, although they guarded agri-

cultural lands as well. The Lac qui Parle projezt
had the more general objective of safeguarding
the Minnesota River valley downstream.” Ia
1938, Congress authorized the CoralviI1e dmrr
and reservoir, on the Iowa River, to protect Iowa
City and some 1,073 square miles downstrcam?z
Wklr these projects, Congress had authorized
four of the major reservoirs that would be built
on the upper Mississippi River’s tributaries above
the Missouri R&er’s mouth (Decorah would
become a diversion project),

In the acts passed between 1886 end
1938, Congress established the Federal
Government’s role in protecting property rmd
people in the upper and middle Mississippi River
valley from floods. It instilled the expectation
that the Federal Government would do so.
Through these acts, Congress endorsed and
encouraged floodplain development for agricul-

ture. And the acts solidly anchored the Corps’
and Cmrgrcss’ reliance on levees and other
structural measures. When added to the naviga-
tion improvement mission, the flood control
responsibility extended and deepened the Corps’
management role on the Mk.sissippi River.

Combined with channel constriction,
rechurration had transformed the landscape,
environment and hydraulic character of the
Mississippi River between Rock Island and the
Ohio Rker. Whereas moderate floods above
Rock Island could still spread over most uf the
natural floodplain, only larger floods could do so
below Rock Islnnd, Here the river was now
constricted at both high and low water.

By the 1920s, some conservationists
argued that reclamation, channel constriction,
pollution, siltation, and overuse threatened tu
overwhelm the river’s fish and wildlife. Conse-
quently, they initiated two efforts to reserve and
develop large parts of the upper Mississippi
River for native plants and animals and for
recreation.33 Fimt, they tried to establish a
national perk, end second, they sought to create
a national wildlife mrd fish refuge, Through
these two movements, conservationists more
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clearly defined their visions for the river rmd
organized to achieve those visions. Proposed in
the early 1900s, the park movement gained
strength siler 1916. By 1921, however, it had
stalled aud conservationists started a new move-
ment.

In 1922, Will Dilg--the Izaak Walton
League’s co-founder--suggested that Congress
create a 260-mile-long national fish mrd wildlife
refuge between Wabasha, Minnesota, mrd Rock
Island. To convince Congress to act quickly end
positively, refuge proponents argued that the

upper Mississippi River valley faced an environ.
mental crisis. If Congress did not create the

refuge immediately, the Nation would lose one
of its greatest fish mrd wildlife reserves, impor-
tmrt commercial food mrd fur resources, the best
recreation erea in the central United States, rmd
spectacular scenery. To bolster their arguments,
they secured experts and concerned citizen
groups from around the country to testify for the
biI1. H.C. Oberholser, speaking for the Biologi-
cal Survey, asserted that “we must, if we arc to
keep up the supply of our wild life, do some-
thing before it is too late; and it is rapidly be-
coming too late.”34

Under Dilg’s leadership, conservationists
used the draining of floodplain wetlands to push
for the refuge, In 1923, lnudowners in an area
called Winneshiek Bottoms proposed to drain
much of this 30-mile-long wetlmrd for agricultur-
al use. The bottoms comprised au area of about
13,000 acres below Lmrsing, Iowa, on the Wis-
consin shore end about 15,000 acres above
Lmrsing on the Iowa side. This project showed
that farmers above Rock Islmrd were begiming
to think about using the river’s floodplain
wetIands.’5

Responding to pleas by conservationists
mrd to national support for the refuge, Congress
passed the refuge bill, end President Calvin
Coolidge signed it on June 7, 1924, creating the
Upper Mississippi River Wildlife rmd Fish
Refuge. Congress appropriated $1.5 million for
purchasing land between Rock Iskmd mrd

Wabash% mrd by 1929, the Federal Government
had bought over 100,000 acres for the refuge,
which would everrturdly include 195,000 acres.’d
The refuge further defined the upper Mississippi
River’s Iaudscape by removing much of this land
from potential reclamation.

Just as eenservationists won the refuge,
navigation on the upper river died. By 1918,
virtually no through trtilc moved between St.
Paul aud St. Louis. As the region’s need for a
diverse transportation system had grmvn, its
shipping options had declined, creating a tmus-
por-tation crisis. Railroad car shortages, the
Panama Cmral’s opening in 1914, several Inter-
state Commerce Commission decisions, mrd the
failure of channel constriction to restore river
trtilc erected, some Midwesterners deched, mr
“economic berrier” around their region. AI-

thorrgh the Engineers had built thousmrds of
wing dums mrd had closed mmry of the river’s
side channels, they had been unable to create a
dependable navigation chmrnel. All too fre-
quently, dreughts and floods made the chmrnel
impassable. Rail car shortages, occurring irr
1906-1907, during World War I, and in 1921,
caused acute, short-term shippirrg crises, mrd
pointed out the Midwest’s dependence on rsil-
roads.37 The Panama Card’s opening in 1914

redefined the Midwest’s trmrsportatiou problems.
While railroad car shortages hed been infrequent,
the Panama Crmrd created a problem that prom-
ised to become steadily worse. Economically,
the Pmrmna Card moved the East mrd West
coasts closer to each other while moving the
Midwest farther away from both masts. Busi-
nesses could ship goods from New York to Smr
Frsncisco tbrougb the Peumua Csmd cheaper
thmr Midwesterner-s could ship goods to either
coast by raiL38

In response, Midwestern business and
navigation interests initiated another movement
to revive navigation, a movement that surpassed
all previous movements. Between 1925 and
1930, they fought to restore commerce mrd to
persuade Congress to authorize a new project for

the river, one that would allow the river to truly
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compete with railroads. It would draw support
from the largest and smallest businesses in the
vafley, from most of its cities, from the
Midwest’s principal farm organizations, and from
the major political parties. Responding to this
movement, Congress included the 9-foot channel
project in the 1930 Rivers snd Hmbors Act.3g

With the 9-foot channel project, Con-
gress authorized a new approach to navigation
improvement on the upper Mississippi River.
Rather than narrowing the river and depending
solely on the flow of water from the basin,
Congress approved 23 locks and darns to store
water in reservoirs or pools. Only in this way,
the Engineers insisted, could they guarantee a 9-
foot channel.

Placing locks aad dams in the river was
nnt a new idea. During the second decade of the
20th century, navigation and hydroelectric power
backers joined to build two structures. In 1913,
the Keokuk aad Hamilton Power Company
completed a hydroelectric power plant and a lock
and dmn at Keokuk, Iowa. While the reservoir
created by the new darn flooded the Corps’ canaf
bypassing the Des Moines Rapids, it provided a
deep channel for 41 miles upstmsnr from the
dam, The project afsn helped floodplain farmers.
The hydroelectricity produced by the new plant
nflowed drainage districts to employ electric
pumps to more quickly and thoroughly drain
their hmds.’” And the Kenkuk and Hamilton
Power Company paid for the entire lnck end
dam project,

Hydroelectric power supporters did not
initiate the building of a lock and dam in the
Twin Cities but tfrcy did define how tbe Corps
built the project. In 1894, after decades of
lobbying, navigation advocates in Minneapolis
finally convinced Congress to build two low
locks and darns to make their city the head of
navigation on the Mississippi River. While the
project was underway, hydroelectric power came
of age and its proponents in the Twin Cities
begaa lobbying fnr a new project that cefled for
one high dam. In the 1910 River and Harbor

Act, Congress granted their wish. After revsmp-
ing the project by removing the originrd Lock
snd Dam 2, which had been completed in 1907,
and rebuilding Lock 1 tn the new height, the
Corps completed the project in 1917. It included
the base fnr a hydroelectric power plant, on
which the Ford Motor Company would open its
statinn in 1924.4]

By 1925, the Corps had learned that it
could not achieve a 6-foot chsnnel between
Hastings, Minnesota, snd St. Paul without a lock
and dam. Pushed by navigation interests, “who
advanced money for the preliminmy surveys,
borings and initial design work,” Congress
authorized Lock and Dam 2 for Hastings in the
1927 Rivers and Harbors Act and the St. Paul
District completed the project in 1930?2 So by
the eve of the 9-foot channel project, three dams
were. in place on the upper Mississippi River.
Thm.gh the Keokuk mrd Lock and Dam 1
projects, hydroelectric power interests had gained
a stake in how tbc river would be managed.
Through d] three projects, the precedent for
navigation dams had been established.

To create a 9-foot channel, the Corps

chose locks nnd dams and quickly determined
that the dsnrs would have to be qaite low.
Numerous villages and cities rested just above
ordinary high water. Rsilrnads following the
river on each barrk were often just out of reach
of high water. At larger river cities, industrial
developments lined Ore stream clnsely. Because
of the small difference between the natural high
water mark mrd the elevation of railroads, build-
ings, aad other struchrrcs along the river mrd
because of the small range of the mrnmd florid
stages, the Engineers concluded that the dams
would have to be designed not to increase flood
stages.43 While they expected that contracting
the river near the dams would increase the flood
height at the dams by 1 foot, they had calculated
that this effect would dissipate within a few
miles above the darn. Given the lncation of

dams, the Engineers expected no adverse effects
from flooding by this effect.”
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Another constraint determined the height

of the darns. For a large part of the river below
Rock Island, the report noted, one or the other of
the banks, and in some cases both banks, were
lined by levees. These levees made any consid-

erable raising of Ore permanent low-water eleva-
tion a problem. Raising the river too much
would leave parts of some levees wet all year
that had previously been wet only at high and
medium river stages, Being wet all the time

would greatly weeken the levees. High dams,
the Engineers therefore determined, were not
possible. Heeding pressure from the conserva-
tionists, the Engineers also noted that low dams
would not seriously flood the Upper Mississippi
River Wildlife and Fish Refuge?~

In 1940, the Corps completed the 9-foot

channel project. Twenty-six locks mrd darns
now crossed the river between Minneapolis arrd
Alton. (Lower and Upper St. Antbony Falls
Locks aad Dmrrs would be completed in 1956
rrrrd 1963, respectively. Lock and Dam 27
would be finished in 1964, bringing the total to
29.) The 9-foot channel project again rccontig-
ured the upper Mississippi River’s lmrdscape,
hydraulic churacter, and environment. The pools
created by the dams permanently flooded thou-
sands of acres that had been seasonally flooded
befure, Because the Engineers took darnage to
cities, towns, and villages into consideration in
planning the Iocatinn of the darns, few of them
would require special protection, The greatest
flowage effects would occur to agricultural
lmrds, floodplain forests, and brrrshlands.

The middle Mississippi Rker also expe-
rienced a surge of work after 1930. Frederick J.
Dobney, author of the St. Louis District history,
reports that between 1930 and 1945, the District
spent more on navigation improvements for the
middle river than they had up to 1930. During
this era, they built 768 dikes ur hurdles, totaling
404,000 linear feet, and 224 revetments or bank

protection prejects, totaIing 276,000 linear feet,’s

The upper and middle Mississippi River’s
landscape as it existed on the eve of the 1993

flood had, for the most pint, been shaped by
1940. Urban projects had yet to be built, but
these would represent minor changes in the
river’s floodplains compared to what had been
done. Above Rock Island, where farmers had

cunstmcted few levees, the 9-foot channel reser-
voirs returned the braided channels and over-
flowed floodplains. Between Rock Island aad
Alton, Illinois, the agricultural levees prevented
the reservoirs from spreading out as much.
Below Lock and Dmn 26, Congress had provided
for a 9-foot channel through dredging and con-
tinued channel constriction.

In 1940, navigation was still the primary
use and the Corps the dominaat agerrcy. But
other interests had staked their claims. Farmers
had convinced the Federal Government tu rein-

force their investment in the river’s floodplains.
Hydroelectric power interests had acquired
impurtent points on the river, inundating the

valley behind their dams to a level anticipating
the 9-foot channel locks and dams. Conserva-
tionists had won the Upper Mississippi River
National Wildlife aad Fish Refuge, and compro-
mises made under tbe 9-foot channel project
signrded a new framework for m snaging the
upper Mississippi River.

What role the Government sbnuld play
in protecting floodplain occupants had also been

established. People expected the Federal Gov-
ernment to defend them end their property,
largely at Federal expense. For the upper Mis-

sissippi Rher valley, this pertained mostly to the
agricultural population. But some people began
questioning this paradigm. In 1936, Harlan
Barrows rmd his stadent, Gilbert WMte, both
suggested alternatives to the structural approach.
In May 1936, on the eve uf the Government’s
errtry into the national flood protection arena,
Gilbert white, who would become one of the
leading national experts on floodplain mmrage-
ment, suggested that land use planning might be

mr effective alternative to reducing flood dam-
age, He argued that relocating structures mrd
modifiing farming practices in some floodplains
might save more money than structural flood
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control measures could, a position he articulated
in his 1942 doctoral dissertation entitled Human
A@stment to Floods.” Then, in a report tn
President Franklin Roosevelt in late 1936, the
Water Resources Committee of the National
Resources Board, which Barrows chaired, sug-
gested that preventing floodplain growth should
be tried where it would be cheaper tharr building
a flood storage dam. “For the first time,” Corps
senior historian Mmtin Reuss observes, “an
otllcial government document recommended
snmething other tbeu building darns, flnodwulls,
and levees to protect life and property.’”s But
Congress and the Corps disagreed?’ Few Amer-
icans were ready to consider floodplain regu-
lation--restricting floodplain use-until they
perceived that structural solutions had failed
or until enough Americans began viewing
floodplains as more than untapped agricultur-
al lauds.

Finally, the power structure, the rule of
various stakehnlders, had been well grounded.
The Federrd Government’s hand was dominant
throughout. At the request of navigation inter-
ests and floodplain farmers mrd through the
Corps of Engineers, the Government had trarrs-
fornred the river for navigating rmd floodplain
development. Forconsewationists and through
tbeprec.ursors of the Fish end Wildlife Service,
it had carved out a large pmtof the upper Mis-
sissippi River valley for a fish and wildlife
refuge, which it managed. As of 1940, naviga-

tion interests, ferurers, end others who sought to
develop the river’s floodplains clearly dominated
mrd would for merry more years.

World War 11 interrupted flood protec-
tion work on the middle mrd upper Mississippi
River. But even before the war’s end, Congress
end the Corps bad returned to building the
Nation’s flnod protecting infrastructure, mrd they
continued their focus on structural projects,
while the Corps was building the agricuktmd
levees authorized in the 1936 and 1938 Flood
Control Acts, Congress shifted its attention to
urban projects nn the Mississippi River and its
tributaries. Following the 1938 act and up to the

1954 act, Congress authorized work for only two
main steer agricultural Ievee distxicts--Pmirie du
Rocher mrd Sny Island--both in the 1946 Flood
Control Act?” In 1946, Congress also approved
the Illinois River Flood Control Project, mr
unusual project in that it called for reclaiming a
levee district from agriculture?l

Urban levees were the principal focus,
however, In 1944, Congress enacted lncal
projects fnr Sabrda, Des Moines, arrd Elkport,
Iowa, errd GaIena, Illinois, Only Sabula lay on
the main stem~z In the 1948 Flood Contrcd Act,
Congress authorized no projects for the Missis-
sippi River below the Twin Cities. It did ap-
prnve a channel diversinn project to prntect
Aitkin, Minnesot~ on the Mississippi River
north of Minneapolis, a project tn defend South
Beloit on the Rock River in Illinois (now
reauthorized), arrd a project to protect agricultur-
al bottomhmds along the Henderson River.53 In
Section 205 of the 1948 act, Congress gave the
Secretary of the Arnry the power to approve
flood protection works under $2 million (today
this limit is $5 million), Although the Corps has
built many projects under this authority, these
projects have not been exanrined in this discus.
sion. In the 1950 Flood Control Act, Congress
again focused on urban flood protection, arrtbo-
rir.ing projects for Cerrton rmd Cape Girerdeau,
Missouri, on the Mississippi River, and another
urbarr project for Beardstowrr, on a small tribu-
tm’y of the Illinois River.s’ In neither act did
Congress authorize agricultural projects for the
main stem arrd only the Henderson River ugricul-
turrd project fnr the upper river’s tributaries,

Congress returned to the Mississippi
River’s agricultural levees in the 1954 Flood
Control Act, Up to 1936, Congress had concen-
trated on the agricultural levees between Rock
Island and Alton. In the 1936, 1938, mrd 1946
Flood Contrnl Acts, it bad authorized the Corps
to reinforce the levee system below Alton. With
the 1954 act, it came back to modernize the
reach between Rock Island rnrd Alton. Under
this act, Congress called for the modification or
construction of 14 mral levee projects witbin the
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Rock Island District. Between Rock Island arrd
Hamburg, Illinois, this act called for improving
335 miles of levee “to protect agricultural lend

along both sides of [a] 200-mile stretch of the
Mississippi River.’’” Adding the Sny Island
Levee and Drainage District to this, which had
been approved by this act and lay in the St.
Louis District, increased the totrd miles of levee
improvement to 386.X The act also included the
Upper Iowa River project near New Albin, Iowa,
which entailed improving the outlet of the river
at its confluence with the Mississippi River to
protect agricultural lands. Through this act, as

they had done under the others, farmers strength-
ened their hold on the upper Mississippi River’s
floodplains.

Urbarr projects received attention as well.
The 1954 act included projects for four urbarr
areas: Alton, Illinois; Hannibal, Missouri; and
Sabula arrd Muscatine, Iowa. Although
Muscatine and Hannibal lay on the Mississippi
River, the projects at these cities were to protect
them from flooding on tributary rivers.~’ As in
19S0, the 1954 act authorized no work on agri-
cultural levees on the upper Mississippi River’s
tributaries; nor did it approve arry urban levees
for cities on tributaries off the Mississippi River,

With the most importamt agricultural
levees on the upper and middle Mississippi River
being secured, Congress concentrated on urban
levees arrd broad flood protection on the Missis-
sippi Rher tributaries in the 1958 Flood Contrel
Act. In it, Congress approved four projects for
Minnesota the Winona and St. Paul-South St.
Paul projects on the Mississippi Rksr, the
Mankato-North Mankato project on the Minneso-
ta River, and the Rushford project on the Root
River, Rather tharr a levee, Congress authorized
a large earthen dam to protect the small town of
Spring Valley, Wisconsin, on the Eau Galle
River. The largest project under the 1958 Act
was the Saylorville danr and reservoir on the Des
Moines River, about 11 miles above the city of
Des Moines. Congress authorized this reservoir

to supplement the flood storage capacity of the
Red Rock reservoir to reduce the flood levels

downstream on the Des Moines River, especially
at Des Moines, and to lower flood levels on the
Mississippi River.”

The 1958 act rdso called for two exten-
sive projects for tributaries in Illinois. On the
Rock md Green Rivers, which flow into the
Mississippi River near Rock Island, Congress

approved a long levee project protecting mostly
agricultural lands and some small towns, roads,

and railroads (this project was never built and is
now listed es inactive). On the Kaskeskia Rkr,
which flows into the Mississippi River new
Prairie du Rocher, Illinois, Congress approved

the construction of levees to protect agricultural
lands and the building of two dams: Carlyle
(which had been authorized in 1938) aed
Shelbyville.”

Building on the heritage of agricultural
levee protection and responding to growing
urban populations, Congress eod the Corps
exparrded the flood protection program to include
urban levees, reservoirs, arrd diversion projects
between 1944 and 1958. But only once these
projects mrd those authorized earlier had been
buiIt would the flood protection infrastructorc of
the upper mrd middle Mississippi River and its
basin take shape. Projects completed by the
Corps up to 1960 were largely done so nnder
acts authorized before 1940. Prior to 1950, the
Corps had completed 18 agricultural protection
projects for the main stem and no urban projects.
By 1960, the number of completed agricultural
prejects had grown to 31, but only 3 urban
projects had been completed on the upper river.

Of these, only Sabula, IOWZ was on the upper
Mississippi River proper. Aitkin, Minnesot%
rests on the Mississippi R&er about 130 miles
north of St. Paul, arrd Galena is a few miles off
the main stem on the Galena River. Clearly,
urbarr flood control on the main stem was io its
infancy as of 1960. (fable 2.1)
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Table 2.1
Upper and Middle Mississippi River

Mainstem
Flood Control Projects

Project Typa, Authorization Date and Compilation Date
1884-1995

I I I
Warsaw to Quincy (Hunt, Lima Lake& Indian Grave) Aa. 1895 1898

)5 I 1w-m

lY1[ 1Yzz
1917 1922

9. 1917 1925
I “A-a I 1c19R 4WYa

1928 I About 193(
1928 1932
+07Q I 407Q

---- , ----
n I 1a?!? 1CJAQ

1936 I 1953
4a-e 40KK

Flint Creek to lowa River Ag. 189.
Sn Island Levee and Draina e Diatdct 1884,86,88,90,92,96 “---B 1900
"PJN'Dtiina9e$Drstmtil3I*3;gi;i;!;H3iRRi$::i:j32$2ti&3I$:33.';;:lg:~i:gi$$%}:i;’2$i:i:l.9:f?i3i’f3$#<;{!lI:{3’i.,;920i.;;$tI::I!
Bay Island Drainage & Levee District No.1 Ag. 1917 1922
Hunt Drainage District Ag. .A. - ----

Lima Lake Drainage District A?.
Henderson County Drainage District No. 3 At
Henderson County Drainage District No. 1
Eima"EaKweQi?i';i:x'3!ti3::i:'f:#ilii!i3;I?.i:i:23:'$;;'E':fi33;../.f:.l3ii $iEi$i9i:i2*i 33i:i.;iiiili 6;6’i;’.x!$!t.:31::<$i?ii:i.’iiii?!!::’?;?’,:::
Henderson County Drainage District No. 2 Ag. )
Indian Grave Drainage District Ag.
Bay Island D&LD No. 1 Ag.
Marion County Drainage District

, “c” , s“.,
Ag. 1928 1933

South Quincy Drainage& Levee District 9 1936
EabIu$wveturMfiage:Dsti@:;;<;f;$*$::j;j's:;~y;i;::#.~$~:;.iyfi Y:::;fig:::liji ~:j;j:j;{;,~93&;3:~:$:$:+.:;$,;.:;;j~:i;H{.i:,:;,.j
Kaskaskia Island Drainage& Levee District Ap 1 r13R 1 QA3
Henderson Co. DD No. 3
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s
2{i?:*;.i~ ;;;>~;;~;$i;]i+’i’.’..;;;.,;<+j;:$:j;:$:

1

East Cape Girardeau & Clear Creek Drainage District Ag.
Chouteau, Nameoki & Venice D&L Disttict Ag. I
Miller Pond Drainage District

, =-” ,QQ.J
Ag.

Aitkirs, Mirsn.
1938 1955 {

Urban
Sabula, Iowa
Harrisonville & Ivy Landing Drainage& Levee District No. 2 -A;.
Stringtown - Fort Chartres & Ivy Landing

, .,.,.
Ag. 193[

North Alexander Drsinage & Levee District Ag. 193(
Fort Chartres & Ivy Landing Ag. 193(
Preston Drainsge & Levee District Ao
Degognia & Fountain Bluff Dr~...-=- ___ ___ -._..._. . .
Prairie du Rocher & Vicinity

----
Ag. 194(

Upper lowa River Ag. 1954
Grand Tower D&L District Ag. 193[
Columbia Drainage & Levee District A. 193i
Musc@ine1:Ma&;ere@Mxxx.!:l:iIi:I;f3il:2;i#;!;;2;::is.+~;!;:/:~;i:,::Mf:utigan:;j:.;~$};;;~;;f9543/:#~;;..<~,.j3;;;;<?j,~;,,.l960::.!+.
Clear Creek D&L District Ag. 1936 I 1!262
Praihe du Pent Levee& Sanitary District Ag.
Hannibal, Bear Creek

---- ,---
Urban 199 1962

DNW DD Ag. 19s 1963
Fabius River DD Ag. 195,
canton, Missouri Urban 195L
cape Girardeau, Missowi

I , =“-?
Urban 1950 1964

Des Moines& Mississippi Levee Dist #1
south River Drainage District

---
Ag: 1954

Bay Island D&LD No. 1 Ag. 199
Green Bay Levee& Drainage District Ag. 1954
subdistrict No. 1. Drainarre Union No. 1 & Bav Island Ao. 1951

..-
----- I 1948 1957

I (l*an I 1954 1957
m 1Q= 1957

!8 1957
6 1957

--6 1958
1936 1959

ainaoe &Lavaa DisMcl I AIT I 1W@ 1959
6 1959
4 1959
8 1959
6 1959

I AtI I 1954 1966
4 1966
4 1966
4 1966
4

lMarion Co. DD
. . 1967

I “AO: 1 1%54 1Q67
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Table 2.1
Upper and Middle Mississippi River

Mainstem
Flood Control Projects

Project Type, Authorization Date and Completion Date
1884-1995

Wulau-y “’aL” 1 Y ,
, Minn. ti&an

11112S0 St, paul, Mnn. Urban ! 1

=3==
I

Henderson Co. DD NO. 2 I Ag. I 1954 1967

so. ‘-’’’’-’-’ ‘“ n An 1954 1967

Wksona, 1958 1967

St. PaL. ------- 1958 1966

Perry County D & LD Nos. 1,2&3 Ag. 1936 +968

Henderson Co. DD No. 1 Ag. 1954 J68

Muscatine Island Levee District& Ag.
Muscatine - Louisa C Draina e Ditch 1954 1969

Rraifie::du:Ro"nt!E&sQtI!i3;/i)s:':?x33iKigsi2!!l*!'A3l.'ii.'i2:i3:R?i:YR?A9.FE$I;::fi$:i’ii’.i$.9.62 197Q3i33ixE/.
Indian -....: “Am A“ 4Cl~A 1971

Sny Basin Ag. 1946 fa74

Gregory Drainage District Ag. 1962 ,=, ,

lowa River- Flint Creek Dis. No. 16 Ag. 1954 1971
I954 1972

““””q”, J962 1973

Gutenberg, Iowa , ,,’”=” , 1962 1973

Rock Island, Illinois uroan 1962 1974

Wood River Drainage & Levee DLstrict Ag. 1965 1977

Meredosia Levee& Drainage District Ag. 1948 4077

Columbr= ’21 n An 1962
~tj~oti,,

Hunt & Lima Lake Drainage District I Ag. I 1

‘..k,-..e, Iowa Urban 1
. . ..–.

,,,, ”,,, ,Uwa 1 “, “-, , !.

. . . . ----
, 1P.,=” , 1968 1961

uroan 1974 1984
Urban 1968 I ~q84

Urban 1968 , J84

eas [~r~~ n) An 1!lrw 1986
1938 1988

&$%:j$’4,g6~:%;%;~
.-.. -’ ,. --,..

River Agricultural An , ,- .“”, =. ----

& Levee Disttict Ag:
iti~illfin~s!\jSR}tjXXE~#:XX*:#X~13?iR$i, ,W@’’&’:u”m!;R;:!

Nsnibal, Missouri Urban 1SW [1vu]

ate Road & Ebner Coulee, (LaCrosse, Wisconsin) Urisan 1968 1993

Bassett Creek (Minneapolis, Minnesota) Urban 1978 [1995]

East St. Louis and Vicinity, Illinois Urban 1988 [1995]

St Paul, Minnesota Urban 1986 1995

Cape Girardeau - Jackson Metropolitan Area - Missouri Urban 1986 Underway

Perry Co. D&LD 1,2,3 Ag. 1972 Underway
St. Genevieve, Missouri Urban 1966 Undenvay

Muscatine Is. LD & Muscatine-Louisa Cty DD Ag. 1986 Awaiting Funding
East St. Louis and Vicinity, Illinois Ag. & Urb 1936 ?

Kaskaskia is. D&LD Ag. 1962 ?
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The pattern on the upper river’s hibutar-
ies is similar. Atler authorizing nearly 40 pru-
jects to protect agricultural lands on the upper
Mississippi River’s tributaries north of the Mis-
souri River in the 1928, 1936, and 1938 Flood
Control Acts, Congress authorized only 4 agri-
cultural projects between 1940 and 1960 (’fable
2.2). Prior to 1950, the Corps had completed 25
agricultural projects and 2 urban projects on the
Mississippi River tributaries. Congress had
authorized one of the urban projects, Mill Creek
and South Slough at Milan, Illinois, in 1927 in
compensation for a navigation project that had
eliminated the outlet of Mill Creek to the Rock
River. The Engineera completed this project,
their first urban project in the upper Mississippi
River Baain, in 1932. The other project waa a
small one at Elkport, Iowa, Three other projects
finished before 1950 were designed to protect
both agricultural Lands and urban areas,

Between 1950 and 1960, the Corps
completed three additional agricultural projects
and no urban levee projects on the upper arrd
middle Mississippi River tributaries. The most
important projects of this decade were the first
two scservoirs for the upper Mississippi IGver
Lac qui Parle on the upper Minnesota River mrd
Coralville on the Iowa River.a Lac qui Parle,

completed in 1951, had the general purpose of
protecting lands downstream. The Coralville
project, completed in 1958 arrd located just

upstream of Iowa City, specifically protects
urbrm and agricultural lands and helps reduce
flood heights on the Mississippi River down-
strcanr of the Iowa River’s mouth. By 1950,
then, the agricultural levee construction phase for
the upper Mississippi River tributaries waa
largely over. A new phaae of urban projects and
multiple-purpose reservoirs was just beginning.
As on the main stem, very little of the urban
flood protection infraatruchrrc on the upper arrd
middle river’s tributaries waa in place as of 1960,
and the focus waa entirely structural.

As the concept of floodplain marrage-
ment enters the picterc, it is necessary to define
its relationship to other terms used for flood
damage reduction. Floodplain management rmd
strmcturrd flood protection are. not opposing
concepts. Structural flood protection is one
method for limiting flood dasrrage. Floodplain
regulation--limiting and defining what develop-
ment carr occur irr a floodplain--is another,
Floodplain mmragement can eaaily be wnfused
with floodplain regulation. The Galloway Report
defines floodplain management sa “The opera-
tion of an overall prograru of comctive or
preventative menaures for reducing flood dam-
age, including but not limited to waterahed
mrmagement, emergency preparedness plans,
flood control works, arrd floodplain management
regulations, ”c’

Floodplain regulation had gained little
attention before 1960.62 Americans believed that
structural projects could eliminate flooding, Ad
that floodplain land in the valkya of the main
stem and its tributaries was best used for agricul-
tural or urban development. Not until enough
projects had been built and tested could Ameri-
cans begin to reevaluate these beliefs. TM
would not occur in the upper and middle Missis-
sippi River basin until after 1960. Although the
frequency of flood damages in protected araaa
fell, flood damages continued in unprotected
ereaa, and Americans questioned floodplain use
more strenuously after 1960. Any effort to
mrmage the Mississippi River’s floodplains to
minimize tlnod darrrage by limiting development
or removing development would have to con-
front the long history that had encouraged flood-
plain use,

The Corps had considered floodplain
occupation aa a principal carrae of flood-related
danrages aa early aa 1913. After the 1913 flood
on the Ohio River killed 415 people mrd caused

$200 million in damagea, President Woodrow
Wilsnn created a Board of Oftlcera on River
Floods to review the country’s flood problem.
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Table 2.2 
Upper and Middle Mississippi River Tributaries 

Flood Control Projects 
Project Type, Authorization Date and Completion Date 

1927-1995 

. .  ;A .  9 '  9 

  Nutwood  Drainage & Levee District Ag. 1928                           1932 
Mill Creek & South Slough at Milan Urban R&H Act 1927  1932 
Keach Drainage & Levee District Ag. 1928 1933 
Scott County Drainage & Levee Dist Ag. 1928 1933 
Hartwell Drainage & Levee District Ag. 1928 1933 
Big Swan Drainage & Levee Dist Ag. 1928 1934 
Hillview Drainage & Levee District Ag. 1928 1934 
Mauvaise Terre Drainage, Dis  Ag.                        1928                           1936 
Lost Creek Drainage & Levee Dist Ag. 1936 1937 
Coon Run Drainage & Levee Dist Ag. 1928 1938 
Seahorn Drainage & Levee District Ag. 1936 1939 
Oakford Special Drainage District Ag. 1936 1939 
Mason & Menard Drainage Dist Ag. 1936 1939 
Rocky - Ford Drainage & Levee Dist Ag. 1936 1940 
Hennepin Drainage & Levee District Ag. 1936 1940 
New Pankeys Pond, Special Drainage Dis Ag. 1928 1940 
Sangamon River near Springfield ?? 1936 1940 
Penny Slough Drainage & Levee Dist Ag. 1936  1940 
Spring Lake Drainage & Levee Dist Ag. & Urban 1936 1941 
Farmer's D & L Dist, Sangamon R Ag. 1936 1941 
South Beardstown & Valley D&L Dist Ag. 1928, 36 & 38  1941 
Crane Creek Drainage & Levee Dist Ag. 1938 1941 
Liverpool Drainage & Levee District Ag. & Urban 1936 1941 
East Liverpool Drainage & Levee D Ag. 1936 1941 
Banner Special D & L Dist Ag. 1936 1941 
Big Lake Drainage & Levee District Ag. 1938 1943 
Meredosia Lake & Willow Creek Drainage & Levee Dis Ag. 1938 1944 
East Peoria Drainage & Levee Dist Ag.  1936 1945 
Turkey River Elkport Urban 1944 1949 

 Kerton Valley Drainage & Levee Dist Ag. 1936 1949 
Remedial Work - Mouth of Sangamon River Ag. & Urb 1936 1949 

 Lac qui Parie Reservoir                                                               Gen. FC                   1936                            1951 
Coal Creek Drainage & Levee Dist Ag. 1938 1954 
Pekin & La Marsh Drainage & Levee Ag. 1936 1954 
Farm Creek Urban 1944 1954 
Coralville Lake, Iowa River MP 1938 1958 
Dry Run, Upper Iowa River Ag. 1936 1960 
Devil's Kitchen Dam, Grassy Creek MP 1955 1960 
Marshall                                                                                                    Urban 1960 1963 
Carlyle Lake Kaskaskia River                                Ag. & Urb                1938/1958  1967 
Sid Simpson, IL River at Beardstown Urban 1950 1967 
Eau Galle River Urban 1958 1968 
Root River and Rush Creek at Rushford Urban 1958 1969 
Red Rock Dam and Lake MP 1936 1969 
Lake Shelbyville, Kaskaskia River    Ag. 1958 1970 
Des Moines Urban 1944 1971 
Rend Lake MP 1962 1972 
Zumbro River (Lower Reach) Ag. 1965 1974 
Big Stone Lake - Whetstone River Ag. 1965 1974 
Dively Drainage & Levee Dist No. 23 Ag. 1958  1975 
Marshalltown, Iowa River Urban 1965 1977 
Saylorville Lake MP 1958 1977 
Remedial Work - Mouth of Sangamon River Wildlife 1962 1977 
Ottumwa Urban 1965 1977 
Carbondale Model City Neighborhood Urban 1970 1979 
New Athens; Kaskaskia River Urban         1958 1981 
Evansdale, Cedar River Urban 1965 1982 
Waterloo, Cedar River                                                                              Urban  1965 1985 
McGee Creek Drainage & Levee Dist Ag. 1962              1986 
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Table 2.2
Upper and Middle Mississippi River Tributaries

Flood Control Projects
Project Type, Authorlzstion Date and Completion Date

1927-1995

nnon Dam &MarkTwain Lake (Sait Rwer) MP 1s62 I 1987
xmn Reservoir Urban .-.- .-. ”
“ er Urban 1s

!ntCreek t Irh,n 1(

,m. ,. G”=, .“,, I Ur
,.

Clarence Car
Bannockb

Milan,Rock klv,
1Yoo 1VW
968 1988

Rockford IL,Kel .962 1968
Mankato.3 North Mankato

------
Urban 1976 1989;.\~D6&fi~H~*&~0i~j;~~;~~~.~..j:~j~~.<::j~~..j..jj.;~j~fj$<,~j~~j*jj;:;,.~~~b~ri~+fi*i;$j*,2;,.:i;:$..y~#$~: ~;::~:,j.,j~$~~];::,,;:~~

Green Oak. D-.----:. r ‘ ‘-ban [1992]
Marahall urban 1966 [1995]

.- , . ma.
Chicagoland U“denlOj

4

Crane Creek nr=~-=.-.
Mankato &N
Lacy, Langelti
Coal Creek D.-,.. -=.- -.,. --,.. 1 .-.M 1 ,=0” I I
Pottage
North Branch, Chicago Rwer 3 Raaewoirs Urban “-~
Meramec Rtier Basin ValleyPark Levees
Chicagoland Undetiow pIan (o’Hare)

Url
Urban

McCook Reservoir Urban
Thornton Reaewoir Urban 1988

Rochester Urban 1974
Chaska, Minnesota Rwer Urban
Houston Urban 1Ytm I Underway

Bi9 Laka Drainage &Lwee DSWCI
I I I

Ag. 1936 ?
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After visiting 52 cities, the board determined that
no single flood protection measure was enough
and that needs varied from basin to basin. The
board concluded that the Nation needed a flexi-
ble program administered under Federal authori-
ty!’ The board also reported that most darnage
caused by floods resulted fiorn “unregulated
encroachment on the flood plains..,.” In re-
sponse to this, say Jamie and Dorothy Moore,
authors of The Army Corps of Engineers and the
Evolution of Federal Flood Plain Management
Po@v, “the corps endorsed the idea of moving
vahrahle property beyond the flood limits ....”w
Much of this summary is baaed on their work.

As America charrged from an agricul-
tural Nation into an urban one and as stress
mounted on its lend resources, pressure contin-
ued on Congress to enact a national flood protec-
tion program. The disastrous 1927 flood on the
lower Mississippi River focused American
attention on floodplain management. The flood
also raised important questions about the best
flood protection measures and about the Federal
Government’s role in flood control. Congress
authorized the 1928 Flood Control Act in re-
sponse. Under this act, Congress provided for
some new alternatives such as fuse plugs and
floodways. But the act further demonstrated that
many Americans believed that protecting
floodplains was in the national interest and
reaffkored the belief in stractnral meaaures.cs
Reflecting this philosophy, the 1936 Flood

Control Act included structural solutions only.a

In the 1938 Flood Control Act, Con-
gress, for the first time, provided for evacuating
areas threatened by repeated flooding. Section
3 of this act allowed for the abarrdoning of the
floodplain where the cost of constmcting levees
or floodwalls could be “substantially reduced” by
rem oving the structures that would be protected.
The money saved by not building the levee or
floodwall could be used toward the “rehabilita-

tion” of the people evacuated?’ Yet Moore and
Moore conclude, “the basic assumption was that

water could be kept away from pceple threugh
the uae of engineering Stmctures;a and Con-
gress arrd the Corps continued their focus on
structural flood cmrtrol. The fact that Congress
did not select the nonstructural option for aay
projects on the upper Mississippi Rher prior to
the Prairie du Chien project, which it apprnved
in 1974, demonstrates this focus,

Floodplain regulation did receive serious
attention from some individuals as early as the
1930s but not until the 1950s did the discussion
intensi&, In 1953, the Budget Bureau found that
few Americarrs supported nonstmctural flood
control measures. The Bureau asked States to
consider implementing floodplain zoning rather
tbarr adopting stmctural solutions. The responses
were telling. Some States said it was too late
and othera too impractical for this. Still others
reported that the lack of enabling legislation at
the State arrd local levels inhibited the uae of
nonstrrrctural techniques and wordd require the
Federal Government to assume much of the cost
of land acquisition. Finally, the survey showed
that most States had not yet considered flood-
plain restrictions.cg

In 1955, Wllliaar Hoyt arrd Waker B.
Lrmgbein published Floouk. In it, they supported
White and argued that property at risk due to
flooding was increasing faster tharr the Nation’a
ability to protect it. They concluded that this
was due to the Nation’s rapidly growing urbaa

population aad to the building of levees arrd
other flood protection projects,’” For this reason,
Moore arrd Moore say, the Corps begmr to
exrarrine other measures.”

Yet, America was not ready to limit its
potential for progress. Following a devastating
flood in Kansas arrd Missouri in 1951, President
Harry Trnman requested funds to evrduate a
flood insurance prograrrr but could not get
enough support. Not until hurricarres and flood-
ing occurred in the Northeast in 1955 did irrterest
in flood insurrmce rise again. In August 1956,
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....” .uongress auenonzea a tlooa insurance act,
While Congress took no steps to implement the
law, Moore and Moore report that its discussion
made two points obvious: Federal flood insur-
ance would affect floodplain use, and the Federal
Government would have to heavily subsidize the
program. Some observers were concerned that
the prograra would encourage further floodplain

development,”

To exaraine the issue of floodplain
development itself, the Corps sent Francis C.
Murphy, a Corps hydrologist from the Seattle
District, to the University of Chicago. In a 1958
study entitled Regulating Flood Plain Develop-
ment, Murphy argued that regulating floodplain
use was necessary to reduce the cost to the
national economy of increasing flood damages.
Murphy insisted that regulating land use in the
floodplain had not been adequately considered.
One reason for this was a lack of adequate data,
especially floodplain maps.73

In 1958 arrd 1959, recognizing a shifting
mood in America concerning flood damages and

taking Murphy’s arguments seriously, the Corps
actively sought a role in studying floodplain
regulation as an alternative to structural projects.
In Section 206 of the 1960 Flood Control Act, at
tbe Corps’ request, Congress granted the agency
the authority to compile and disseminate infor-
mation on floods and flood damages if sought by
a State or responsible local government.”
Although limited, this program signaled a signifi-

carrt move toward floodplain regulation as a way
to limit flood daarages, but it wus only a signul,
Structural measures would remain the corne-
rstone of Federal floodplain management through
the flood of 1993. In the decades following
1960, however, Americans would increasingly
consider floodplain regulation, arrd environmen-
tal concerns for the river’s floodplains would
mature.

Main stem projects completed between
1940 and 1993 represent a majnr development in

the region’s flood protection infrastructure, but
they would chrmge the kmdscape, ecology, serd
strcamflow of the Mississippi River little com-
pared to projects built by local interests aad the
Corps before 1940. Between 1960 and 1980, the
Corps finished many of the agricultural projects
authorized in the 1950s and early 1960s and
begrm building many of the urbau projects
authorized during these years. In these two
decades, the Engineers completed 25 agricultural
sad 9 urban flood protection projeets for the

uPPer ad middle Mississippi River. After 1980,
urban projects dominate. From 1980 to the
flood of 1993, the Corps dedicated only one
agricultural levee and eight urban projects on the
main stem.

The greatest change in the upper and
middle Mississippi River Basin after 1940 cruae
on tributary rivers. While work by Iocal iater-
ests mrd the Corps on agricuktmd projects on the
Illinois River had dramatically changed this
tributary befnre 1940, few other tributaries had
been greatly altered by reclamation and flood
protection projects by this time. After 1940,
huwever, and especially after 1960, the basin’s
tributay rivers would be changed in important
ways.

Since 1960, the great majority of the
projects completed on the Mississippi River’s
tributaries have been multiple purpose or urban.
Some 30 urban projects have been completed or
are underway (See Table 2.2). Exact numbers
are difficult to ascertain, given discrepancies in
the data, Six of the urban projects are reser-
voirs. The Eau Galle Danr, completed in 1968,
prutects the town of Spring Valley, Wisconsin,
which lies immediately below it on the Eau
Galle River. The five other prejects were autho-
rized in the 1986 and 1988 Water Resouree
Development Acts as part of mr urban protection
project for Chicago.

Seven reservoirs finished between 1967
arrd 1987 serve a variety of purposes. The Red
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Rock reservoir, completed in 1969, rord the
Saylorville reservoir, completed in 1977, help
protect Des Moines mrd agricultural lands below
from floods on the Des Moines River. Along
with the Corafville rsservoir (1958), these pro-

jects also serve to reduce flood levels on the
Mississippi River. In Illinois, the Corps com-
pleted the Crirlyle dam in 1967 and the

Shelbyville dam in 1970, both on the Kaskaskia
River. While Carlyle helps defend both agricul-
tural and urbmr areas, Shelbyville protects pri-
marily agricultural lands. Rend Lake, a mrrlti-
ple-purpose project which has 109,000 acre-feet
of storage for flood control, 160,000 acre-feet for
joint purposes, and 25,000 acre-feet for conser-
vation mrd sediment retention, was completed in
1972. This project is located on the Big Muddy
River in southern Illinois. In Missouri, the
Corps completed the Clarence Crmrron Darn and
Mark Twain Lake in 1987. This multiple-pur-
pose dam provides hydroelectric power, flood
protection and low flow augmentation storage
and recreational use. Two darns that provide
flood protection but were designed to promote
wildlife concerns are the Devil’s Kitchen Dam on
Grassy Creek, a tributary of the Big Muddy
River in Illinois, and the Big Stone Lake-Whet-
stone River Dam on the upper Minnesota River.
The Devil’s Kitchen project, completed in 1960,
is one of three structures that store water for the
Crab Orchard National Wildlife Refuge. The
Big Stone Lake-Whetstone River Darn, finished
in 1974, provides a conservation pool of 2,800

acres for wildlife purposes. Thus, between 1960
and the flood of 1993, Congress and the Corps
expanded the upper and middle Mississippi River
basin’s urban flood protection infrastructam
dramatically.

As the projects authorized and completed
since 1960 show, structural solutions have
prevailed. Moore and Moore, in their study of
the Corps mrd floodplain management policy,
detail the evolution of floodplain policy through
the Water Resource Development Act of 1986.
They present a steady movement toward a

sympathy for--if not the implementation and
enforcement of--floodplain restrictions and
nonstructural aftematives to flood control pro-
jects. Marty Reuss, a senior historimr for the
Corps, suggests that floodplain regulation has not
advanced over the last 30 years as its proponents
of the 1960s had hoped.’s Between 1965 mrd
1966, the Bureau of the Budget brought together
a teanr of specialists from various agencies,
chaired by Gilbert White, to reassess the
Government’s flood management pregrarn. As
one focus of their study, they were to examine
whether the Nation was developing its
floodplains wisely. “Did federal agencies,
particularly lending snd development agencies,
make adequate use of available flood plain
information? Did flood disaster insurmrce have
a practical and positive role to play in dealing

with the flood drmrage problem?” Would flood-
plain insurrmce promote the traditional approach-
es to floodplain marragement?’c In 1966, based
on this report, President Lyndnn Johnson issued
Executive Order 11296, directing Federal agen-
cies to evaluate the flood hazard potential before
locating new buildings in the floodplain. “For the
first time, Moore and Moore assert, federal
agencies were to incorporate flood planning
formally into their programs.’’” In 1968, Con-
gress followed with the National Flood Insurance
Act, and in 1973, with the Flood Protection
Disaster Act. Under the latter act, Congress
required communities wanting Federal assistance

for financing or constructing structures in the
floodplain to initiate Lmd use restrictions and
required individuals to buy flood insurance.78
Nevertheless, floodplain development and the
authorization of structural projects continued.
And although the Corps acquired the legislative
authority to encourage and implement floodplain
restrictions and nonstructural flood control
measures, Moore and Moore conclude that
Congressional directives kept the Corps’ focus on
structural projects.’g

Conflict over its cost and effect stalled
the Nation’s flood protection progrrrnr between
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1970 and 1986. During this era, Congress
passed no major bill for water resources projects.
Environmental concerns, budget deficits, less

support for water projects, aud impasses over the
Water Resources Council’s Principles and Stms-
dardr were the primary reasons. The Principles
and Standards had required the Corps to evrdu-
ate both the national economic development and
environmental quality objectives and to measure
the beneficial and negative effects for all pro-
jects. It outlined a process and methods of
evaluating alternative means solutions, and it
made capital intensive projects harder to justify.
And under Presidents Jimmy Carter and Ronald
Reagaa, the Oftlce of Management and Budget
viewed the civil works progrmu as “a controlla-
ble, discretionary, government expense.’””

After a 14-year hiatus, Congress passed
the Water Resources Development Act of 1986.
In this act, nonstructural flood control was given
greater status. Yet, Moore mrd Moore argue,
“interest in nonstructural solutions had declined. ”
They conclude that this occurred because:

Structures hud been used for
generations and their costs and benefits
were well understood. Their physical
presence instilled a source of security,
Their effects were permanent mrd, with

periodic monitoring, predictable through-
out the life of a project.

By contrast, nonstructural mea-
sures kept people away from the water,
rather thmr water away from people.
They employed unfamiliar aud nontradi-
tional activities like zoning rard flood
preparedness, which require personal
involvement, and they called for individ-
ual sacrifice, such as paying for flood
insurance ....Nonstsuchrral measures also
restricted the use of the flood plain and
required communities to divert the land

to other uses, often resulting in lowered
local economic growth. Obtaining polit-

ical acceptance for flood plain inning
would become difllcult.g’

Important changes had occurTcd in how

the country mrd the region viewed its
floodplains. The greatest change came with the
environmental movement of the 1960s and
afterward. The passage of the National Environ-
mental Policy Act in 1969 mrd subsequent

environmental legislation gave environmental
interests a strong say in how water resource
projects would be designed and constructed.
Building on the work of Will Dilg aud the Izaak
Walton League, those concerned with the river’s
ecological health gained far more strength thea
they had in 1940.

But, environmental interests have not
replaced the traditional stakeholderw-agricultural
and urbrm occupants--in the use of the river’s
floodplains, Those traditional occupmrts and the
reasons they located in the floodplain have a
deep history, dating well before the 20th century.
Rearranging the role mrd relationship between
the various stakeholders must tuke this history
into account. And while Moore mrd Moore
present an invaluable background to the history
of national floodplain management policy, the
national context does not always explain or is

not always in step with the history of the upper
mrd middle Mississippi River or of the Missouri
Rker. The evolution of floodplain occupation
and of flood protection policy must be mrder-
stood at both levels.

The Missouri River

In its natural state, the Missouri RIVer

was ameandering river chwacterized by unstable
banks aad a rapid current. Major Charles Suter,
who surveyed the river in the 1870s, described
the Missouri River as having a navigable depth

vWing frOm 3 tO 9 feet a yea arrd as eroding
its banks as much as 2,000 feet ramually. Cav-
ing banks and silt would prove to be the main
problems facing navigation improvement. From
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the great amount of soil washing irrto it, the
Missouri River received its nickamae, the “Big
Muddy.” As on the Mississippi Rker, flood
protection and navigation improvement would
become closely tied, with navigation funds
providing for some early levee work. But most
flood protection projects on the Missouri River
would have to wait for the 1936 Flood Control
Act arrd those that followed it.

As on the upper aad middle Mississippi
River, navigation improvements represented one
of the first efforts to reshape the lower Missouri
River. But, Congressional authorization of and
funding for navigation improvements on the
Missouri River lagged well behind the Mississip-
pi River in the late 19th century. Once autho-
rized, funding was severely limited, and naviga-

tion improvements for the Missouri River be-
came piecemerd aad short-term. The Corps
began removisrg snags from the lower Missouri
River as early as 1832, arrd continued this work
sporadically through the 1870s. Unlike the
Mississippi River, where Congress had autho-
rized the 4Y,-foot channel project in 1878, there
was no systematic navigation improvement
prnject for the Missouri Rker until 1910.

In the 1910 River and Harbor Act,
Congress authorized a 6-foot channel for the
Missouri River from Kansas City to the river’s
mouth. A Federal board of engineers recom-
mended that the best way to achieve this goal
was through bark stabilization (to prevent ero-
sion) aad channel constriction.n But flooding,
which destroyed improvement works, and the
continued controversy over whether the amount
of commercial trat%c justified Government costs
hindered attempts to improve the Missouri River.
By the 1930s, only the reach from Karrsas City
tn St. Louis would see some systematic improve-
ment. Work on the 6-foot channel project
continued into the early 1940s but did not entice
significant tratllc, arrd the project was still not
complete by World War 11.s3

Then, in 1945, Congress adopted the
Pick-Sloarr Plan. Under this pkm, which brought
navigation, flood control and irrigation in the
Missouri River basin under one development
master plan, Congress authorized creatinn of a 9-
foot channel flom Krarsas City to St. Louis.
With this project, the river would acquire more
tratlic.

As on the Mississippi River, the Federal
Goverasaent had no official role in the crmstrtrc-
tion of flood control projects on the Missouri
River during the 19th century. Landowners,
municipalities, and the railroads built dikes arrd
levees to protect their properties. However,
begiming in the 1890s, Missouri River Basin
residents and localities began demarrding protec-
tion from flooding and bank erosion as part of
the Federal Government’s efforts to improve
navigation.

In 1884, Congress, at the request of

Missouri River Basin residents, created the
Missouri Rker Commission (MRC) to nversee
the river improvement work. Majnr Suter served
as the Commission’s president until 1895. For
the 18 years of its existence (Congress abolished
the Commission in 1902), the organization
worked to stabilize the Missouri River’s banks
using willow mats weighed down with stones
arrd continued snagging efforts.

Yet, the Missouri River Commission was
frustrated by dfierences in river isnprovement
philosophies between MRC members, Congress,
sad Missouri Valley residents. While the MRC
saw its mission as one of primarily developing
the river for transportation, local interests repeat-
edly demanded protection from flooding aad
erosion for private and municipal properties
along the river’s banks. Congress directed the
MRC to build projects that fulfilled both aims,

but never provided enough funding for the
Commission to meet this directive. In fact, isr
1890, the MRC suspended its operations for 4
months due to lack of funding. Inadequate
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funding over the years led to piecemeal efforts
rather than the systematic approach Suter had
envisioned. The MRC’S final report in 1902
showed that, over its 18-year existence, less thsn
half of the money appropriated for its use had
been available for systematic navigation im-
provements, and a large proportion of the appro-
priations had gone to fund projects for particular
localities that were “not wholly connected with
navigation, ”84 Thus, although there was no

Congressional authorization for flood protection
work on the Missouri River at that time, such
projects were undertaken by the Federal Govem-
m ent.

After the floods of the early 1900s,
States in the Missouri River Basin authorized the
organization of druinage districts to build fluod
protection works. Increasingly, these druinage
districts crone to the Corps of Engineers fur help
with their flood control efforts. The Secretary of
War would then negotiate with the local organi-
zation mrd reach agreement about how the
project should pruceed.

By the 1910s, the Corps’ work to im-
prove navigation on the river had a significant
impact on settlement in the floodplain, Bank
stabilization and alignment projects on the
Missouri River, which the Corps empluyed to
achieve a 6-foot channel, often narrowed the
width of the river rmd opened buttomlands that
had previously been inundated for settlement,*s

From the onset of World Wer I tu the
mid-1920s, Congress provided no funding for
flood protection on the Missouri River, Then, in
the River and Harbor Act of 1925, it celled for
the preparation of cost estimates for surveys and
studies of the navigable streams uf the United

States and their tributaries for purposes of power
development, navigation, flood control, and
irrigation. In 1928, the River and Harbor Act
calied for the Corps” to submit projects for flood
protection on all the tributary streams of the

Mississippi River that were subject to destructive
floods. In response tu these mrmdates, the Corps
of Engineers produced a massive series of stud-
ies (called 308 reports) that exrrmined all aspects
of river use.%

The Kansas City District undertook a
study of the entire Missouri River Busin in
response to these Congressional actions. The
report, which wus completed in 1932, concluded
that most of the proposed flood protection pro-
jects for the Missuuri River Basin were nut
economically justifiable, The 1932 report, which
was mostly the work of Kansas City District
Engineer, Captain Theodore Wyman, concluded
that levees to protect urban areas were the only
flood abatement messures that were economical-
ly feesible. Wymmr proposed combining urbmr
levees with a modest reservoir system consisting
of a dum at Fort Peck and several tributary
dmns~’

In response to Wyman’s report, COn-
gress, in the 1936 Flood Control Act, authorized
projects at Topeka end Lawrence, Kansas, and at
Kansas City. The proposal to build higher
levees in lieu of a reservoir to protect Kansas
City proved controversial mrd led to additional

studies of the Kansas River Basin. A 1937
report on this area concluded that upstream
reservoirs snd local fluod protection prejects
were the desired solution tu prevent floods in
Kansas City. While these studies were ongoing,
the Kmrsas Vafley Drainage District and Kansas
City went ahead with Iocul protection projects
that the Federal Guvemment funded as pmt of its
work relief program during the Great Depres-
sion. w And in the Flood Control Act uf 1938,

Congress approved projects on five Kunsas River
tributmies: the Republican, Smoky Hill, Srdine,
Salmon, and Blue Rivers. The first dmn built as
part of this effort was located near Kanapolis,
Ksnsas, on the Smoky Hill River.

Althuugh World War II restricted fund-
ing for flood control projects on the Missouri
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River, a series of floods in the early 1940s drew

Congress’ attention to the problem once again.
In 1943, the House Flood Control Committee
asked the Missouri River Division Engineer,
Colonel Lewis Pick, to testi& on the region’s
flooding preblems. The Corps assigned Pick the
task of writing a report on the subject. The
result was “Pick’s Plan,” which built upon the
Flood Control Act of 1938, but added three
projects: construction of levees along the Mis-
souri River from Sioux City to St. Louis; build-
ing of additionrd multi-purpose dams on the
Missouri River and some tributaries; and con-
stmetion of a diversion chmsuel in the Dakotas to
divert water from the Missouri River during
droughts?’

At the same time, William G. Sloan
wrote a report for the Bureau of Reclamation
that focused primarily on irrigation, reclamation,
and hydropower development in the Missouri
River Besin. Congress combined the two reports
and in 1945 passed the “Pick-Sloan Plan.” For
the first time, a comprehensive system for floud
management in the Missousi River Basin was in
place. The Pick-Slomr Plan, together with
previous flood control legislation for the regiun
(1938 and 1941 Flood Control Acts), created a
system consisting of nine major reservoirs,
agricultural levees, and numerous urban flood
protection projects,w

As work under the Pick-Sloan Plan
progressed, many of the proposed reservoirs
proved highly controversial, because they inun-
dated rich agriculturrd land. However, the
agricultural levees were not controversial and
went up quickly after constmction started in
1948. Work on the 9-foot channel, which had
been approved in the 1944 River and Harbor
Act, progressed simultaneously. Navigation
improvements and flood prelection work began
in eemest on the tributaries to the Missouri River
in the late 1940s. In 1950 and 1954, Congress
adopted proposals that modified the original
plan. These included an additional eight reser-

voirs in the Osage River Basin, three reservoirs
in the Kansas River Basin and a dam on the
Chariton River. Controversy over the Pick-Sloan
reservoirs, however, slowed and in some cases
prevented cmrstruction of marry of the proposed
dams!’ By 1960, two of the dams were com-
pleted (Karrapolis and Harlan County), three

were in vasious stages of construction (Turtle,
Pnmona, Pomme de Terre), while five were in

the planning stage (Wilson, Perry, Steckton,
Rathbum, and Tmmmr),

Meanwhile, constmction nn the agricrrl-
tural levees in the Corps’ Kansas City District
ceased between 1954 and 1963, after the Depart-
ment of the Army ordered a restudy of the
project. Questions about the ecnnomic justifica-
tion for building the levees and concerns abnut
the effects privately-built levees had on the
system prompted the restudy. As the outcome of
Uris review, Cnngress in 1963 authorized the
Corps only to build the levees that the studies
had shown to be economically feasible. Under
this authorization, 250,000 acres of the 400,000
acres in the floodplain would be protected by
agricultural levees. By the easly 1970s, 20
percent of these levee projects had either been
completed or started(approximately200 mila of
levees)?’

The Flood Control Act of 1944 and the
Pick-Sloan Plrm authorized the Corps’ Omaha

District to construct agricultural levees in numer-
ous Iocatiuns. Between 1946 and 1950, the
Corps built the 46-mile-long Thusarmr-Hrmrburg
levee un the left bank of the Missouri Rker in

southwestern Iowa and northwestern Missouri
and along the Nishnabotna River. Between 1948
and 1952, the Omaha District constructed 41
miles of levees for the Atchinson County Levee
District between 1950 and 1953, the District
built the Mill Creek levee, and in Nebraska, the
Pem Dike, and the 19.5-mile-lung Brownville-
Nehema levee. Near Nebraska City, the Corps
erected 6 miles of levees and a 14.2-mile-long
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levee at Mosquito Creek arrd Sieck near Council
Bluffs.

By mid-1954, the Omaha District had
spent $13.9 million on agricultural levees; all of
these were Iocated south of Omaha and most on
the river’s left bank. The onset of the Korean
War deferred plans for more agricultural levee
construction until 1959. Then, between 1959

end 1961, the Corps built 6.3 miles of levees in
Richardson County, Nebrask~ the 11.4-mile-long
Pleasant Valley Levee, the 15-mile-long
Watkins-Wmrlsonsic Ditch levees; rmd the 14-
mile-long Papillnn Creek-Platte River levees in
Nebraska. All together, between 1954 mrd 1979,
the Omaha District invested $8.3 million on
agricultural levees. In 1980, the Omaha District
initiated a $13,6 million, 22-mile-lnng rrgricultnr-
rd levee prnject along Mosquito mrd Keg Creeks
below Council Bluffs. By late 1982, the Distict
had spent a tntal of $32.5 million on agricultural
levee projects.”

Mnst of the flood protection prujects nn
tributaries to the Missouri River in the Corps’
Omaha District did not begin until after World
War II. These projects included dams, levees,
barrk stabilization, and alterations in chrmnels.
The 1941 Flood Control Act authorized the
Cherry Creek Darn near Denver, which was built
between 1946 arrd 1953. Congress authorized
the Chattleld Darn in 1950, but its constmction
was deferred nntil the flood of 1965 reactivated
the project. Construction began irr 1967 and was
completed in 1973. The Flood Con@ol Act of
1958 authorized $13.3 million for the Salt Creek
Basin project, which included 12 dams (later

reduced to 10), a levee, and a charmel system on
Salt Creek at Lincoln, Nebraska. The Corps
completed this project by 1968. The Flood
Control Act of 1968 authorized a system of 21
darns arrd reservoirs for Papillon Creak at a cost
of .$26.5 million. However, only two of these
drmrs would be built, as controversy over the
need for the project prevented its completion.

On the east side of the Missouri River, the 1954

Flood Control Act authorized the Corps to
construct major flood protection projects on the
Big Sioux River (between Sioux Falls aad Sioux
City) mrd on the Floyd River (at Sioux City)?’

Economic and Social Forces

The earliest settlement mrd development
patterns of the Midwest were often based on the
access provided by major rivers in meeting
transportation, power, arrd water needs. Commu-
nities wera founded and grew as trade centcra at
locations along rivers because floodplain lands
were most easily aod cheaply developed arrd
commerce was most readily serviced by access
to the river. Once town sites were well estab-
lished, there continued to be a comparative
economic advarrtage for subsequent commercial
md residential development to be located clnse
to town centers. In the 19tb century, before
intensive industriahzation arrd mass communica-
tions, people accepted the inconvenience caused
by occasional flooding, and had a greater appre-
ciation of natural forces.

At first, floodplain farmers produced
crops for themselves and local markets. But as
they begarr producing crops for regional arrd
natinmil markets, the river became even mnre
critical as a transportation route. As generation
after generation of floodplain farmers succeeded
each nther, fanr ilies developed strcmg ties to their
farms. As in the paat, marry counties in the rural
Midwest depend on a healthy agricultural sector
to provide the tax base smd commercial revenues
that support local schools and provide for other
public services. To forego agricultural produc-
tion in wcaa subject tn flooding, therefore, iacurs
both economic and social costs.

Contemporary society’s emphasis on speed,
timeliness, arrd reliability causes floods to be
viewed as a much more disruptive menace.
Technnlngical capabilities and aasnciated eco-
nomic mrd socird values have led to approaches

that seek to control flonds, arrd tn seek and
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assign responsibility for the causes when flood-
ing occurs, The severity of flooding is mmked
by the number of lives lost, the economic dam-
ages suffered, and the losses experienced by
people as they are forced from their homes and
daily routines. All of this is communicated by
the mass media as the flood happens. Human
interest aflows us to identi~ with the individuals
who have been at%ctcd rard to question why
such an event could be “allowed” to happen.

Social and economic issues are raised after
each flood disaster. What can be done to pre-
vent loss of life caused by flooding? Are flood
victims disproportionately represented by those
with lower incomes? Are atl’ordable housing
alternatives available? Why does there appear to
be so much persistence in returning to and
restoring flood damaged homes and other facili-
ties? What cm be done to improve society’s
understanding of the risks of flooding and of
steps that can be taken to avoid repetitive flood
losses?

These are all reasonable questions. The
Midwest Flood of 1993 was so extreme in
magnitude and duration, however, that it has
caused mnny people to take a step back end
consider these questions from a different per-
spective. Hence, the need to recognize economic
nnd socinl forces at work in understanding how
floodplains have been developed, and to take
these forces into account as alternative floodplain
management measures are considered.

Institutional Forces

The many multifaceted stakeholders of
the Mississippi and Missouri Rivers nnd their
floodplains have various levels of acceptance (or
non-acceptance) of floodplain management
concepts and are all positioning themselves for
their interest in the floodplain. The primay
stakeholders may be categorized within one or
more of the following areas:

- Federal agencies
- State and local agencies
- Tribrd governments
- Residential
- Agriculture
- Levee/drainage districts
- Industrial/m mmfactnring
- Environmental/wildlife groups
- Recreationists
- Transportation
- Cultural and historic preservation
- Organizations and interest groups

There are Federal nnd State agencies, as
well as local governments, that are representing
the interests of the general public in each of the
above areas. There are also river basin associa-
tions, interagency committees, and alliances such
m the Upper Mississippi River Basin Association
and tie Missouri River Basin Association, Inter-
agency Floodplain Management Review Com-

mittee, and Coest Alliauce that have been estab-
lished in efforts to gain a more focused direction
among the governmental agencies, In addition
to the agencies rmd local governmental oftlces
performing formcl reles, as established by legis-
lation and statutes, there are many organizations
and interest groups that have varying degrees of
influence on the development of new policies
and programs. Appendix D provides a list of
some of the key organizations and their purpos-
es.

Also, the United States Government has
a unique legal relationship with Native American
tribal governments. The Govemment-to-Govem-
ment memu dated May 1994 identified a com-
mitment to building a more effective, respectful
working relationship with federally recognized
Native American tribnl governments. Guidelines
were included in the memo to ensure that the
rights of sovereign tribal governments are fully
respected. Because tribal governments have

authorization to create their own floodplain
policies and programs, they should be considered
in any partnering efforts for changes in flood-
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plain management. Those tibes within the study
region are also included in the Institutional
listing,

An analysis of institutional forces can be a
valuable tool in understanding, evaluating, and
analyzing the institutional setting: Iegafity and
compliance, political conflicts, social and cultural
values, and administrative effectiveness, “In our
complex world, decisions which impact the
public interest require complex coordination
between all concerned interests, aad due consid-
eration of the legal and economic factors, politi-
cal feasibility, and examination of the powers
and authority of public bodies which are charged
with responsibility for the public interest” (Bro
et al,, 1976:5). Political interaction from indi-
viduals, groups, and organizations is necessary
for consensus building. Opposition interests that
fail to show up at public meetings may surface
later to stall implementation. Conflict is un-
avoidable, but conflict between interest groups
and agencies, as well as interagency conflict,
needs to be identified and opened for discussion.

The success of any change in floodplain
management will depend on gaining suppofi
from local communities and citizens, since mnst
decisions on floodplain land use are determined
by local policy. Communities, especially flood-
plain landowners, perceive the loss of jobs and
economic productivity, end are reluctant to
change. But communities stand to gain the most
from improvements that generate economic and
development opportunities such as improved
water quality and supply, improved recreation-
al/tishing/hunting opportunities, improved aes-

thetics and land values. River focused commu-
nity revitalization prnjects work with bottom-up-
Iocal involvement. Local communities will need
support in making floodplain changes to main-
tain economic vitality, but it will require local
empowerment, effective new incentives, removal
of disincentives, and an effective implementation
framework.

Policies and Programs

Floodplain land use is influenced by a wide
range of policies and programs that stem from
various governmental agencies end bodies. In
this assessment, seven categories of policies and
programs have been examined in the context of
the 1993 flood, and initial evaluations have been
completed of how changes in these areas might
have affected the flood losses aad impacts to
floodplain resources that were experienced. The
seven categories are:

* National Flood Insurance Program regula-
tions

* State floodplain management and zoning
practices

* Local floodplain management and zoning
practices

* Community relocation, flood hazard miti-
gation, and land use conversion programs

* Flood disaster relief programs
* Floodplain wetland restoration policies
* Agricultural support policies related to

floodplain use.

A description of specific measures examined
within these policy/program categories is pre-
sented in Chapter 6 of this report, end the aaaly -
sis completed in each case is contained in the
Evaluation chapter (Chapter 7).

Structural flood protection projects, in the
form of levee or floodwall construction and the
building of dams nnd reservoirs on rivers, may
also lead people, businesses, and communities to
make decisions regarding continued floodplain
development that increase the potential for large
amounts of damage when extraordimay flooding
occurs. The “action alternatives” examined in
this assessment that affect hydrologic and hy-
draulic conditions related to riverine flooding are
described in Chapter 8 of this report.
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Of particukw interest is how these policies,
programs, and projects have functioned to me.ate
incentives or disincentives that have helped to
shape how floodplains are used. There are
economic mrd other forces that past actions have
set into motion mrd appear to have led to in-
crecaing exposure to demages from extraordinary
flood events.

A number of questions have been raised

concerning how past actions have influenced
floodplain development cnd use. Examples of
the kinds of questions end issues raised we
shown below:

* How well is the National Flood Insurance
Program functioning in covering exposure to
riverine flood risk?

● Is the current definition of flood risk (the
“100-yeer” flood rmre) adequate?

● Cm floodplain mmragement programs at

the State end local level be improved in increas-
ing awareness of the potential for flooding sad
in reducing exposure to flood deraages?

● Have 10CCIland use and zoning practices
been effective in preventing new development in
locations subject to substantial flood risk?

* Do flood. control projects induce develop-
ment in floodplain locations that would other-
wise be avoided? If so, are the effects of irr-
duced development properly accounted for?

* Do Federal diseater aasistence progremrs

encourage continued exposure to substantial
flood damages?

● Car floodplain wetland restoration pro-
grenrs have a significant impact in reducing the
potential for flooding?

* Do agricultural incentive programs encour-

age ferming in floodplains subject to very fre-
quent flooding?

Prevailing thinking suggests that flocrdplain
mmragement practices ought to be directed at
achieving two prim my objectives: (1) that
reductions in loss of life, dmnages, mrd gover-
nment expenditures caused by flooding should be

accomplished; and (2) that the natural resource
values of floodplains should be enhmrced for a
number of reasons, including the potential for
reduced flooding sad exposure to flood dsrnages.
Yet, a fundmnentcl tension exists, in that
floodplains arc also economically attractive
locations for a number of development purposes,
and have been historically. There are potentially
conflicting forces regarding floodplain use and
development that involve trade-offs between the
value of economic activity that benefits from ita
floodplain Iocetion, and the costs, both the
impects to natural resources es floodplain devel-
opment tckes place and the impacts to human
rcsourccs when extraordinmy fluoding uccura.
The ability of suciety to address these tensiuns
over how floodplains am used requires mr under-
standing of marry economic, social, and envimn-
mentcl factors. The chcIIenge is to ensure that

decisiuns regarding floodplain use am made with
fuli recognition mrd acceptance of the risks and

potentiel costs easociated with living, working,
or investing in floodplain locations.

The analytical appruach taken in this assess-
ment is to examine these questions and issues,
among others, with specific reference to the
1993 Midwest flood. The evaluation process
that has been developed is explained in Chapter
4 of this repurt.

The instihrtionrd forces discussed in the
previous sectiun, together with the many pOli-
cies, progrmns, and gods of each of these “play-
ers,” result in a complex set of objectives fur the
floodplain. It is essential to identi& aresa of
currtlict, but more importantly to fucus on com-
monly acceptable site specific uses of the flood-
plain that meet systemic goals. A inure coniprc-
hensive mrslysis of the interaction uf policies,
progmma, mrd guals of these “players” would
help identi& those arms in cummun aed attain
mr enharrced understanding of floodplain man-
agement objectives.
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Findin~

2-a) The upper and middle Mississippi
River’s landscape as it existed on the eve of
the 1993 flood had, for the most part, been
shaped by 1940, largely by navigation projeets

and agricultural levees. Urban projects had
yet to be built. Tbe greatest changes in the
upper ~ksissippi River Basin after 1940
would occur in the river’s tributaries and
uplands. From 1960 to 1993, the Corps would
build most of the urban projects and multiple
purpose dams in the basin. The expected role

of the Federal Government in protecting
floodplain occupants evolved over the past 50

years. Floodplain regulation received little
attention before 1960, but policies have been
greatly expanded and institutionalized since
the mid-1960’s.

2-b) The Federal philosophy of floodplain
management recognizes that flood damage

avoidance should generally be the first defense
against flooding, complemented by nonstruc-
tural and structural flood protection mea-
sures, where appropriate, with public educa-
tion and flood insurance included as essential
components to address the residual risk of
flonding.

2-c) The inventory list compiled with this
assessment of institutions, organizations, and
interest groups is another step in further
understanding of institutional forces. A more
comprehensive analysis of tbe interaction of

policies, programs, and goals of these “play-
ers” would add value to the understanding of
floodplain management objectives,
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CHAPTER 3- EXISTING FLOODPLAIN RESOURCES
AND IMPACTS OF THE 1993 FLOOD

Floodrslairr/Watershed Relationshimr

The upper Mississippi River Basin
encompasses the areas drairk.d by the Mississippi
River above the coatluerrce with the Ohio River
at Cairo, Illinois, end includes the mrtire Missou-
ri River Basin which drains most of the northern
Great Plains. The upper Mississippi River Basin
drains approximately 714,000 square miles.
Although the Floodplain Management Assess-
ment (FPMA) draws a distinction between the
watershed and floodplains, it is acknowledged
that they are intimately connected. The river-
floodplein systems ore the pathways through
which surface water runoff and groundwater
flow are transferred out of the river basin or
watershed, While the geophysical and surface
characteristics of the floodplain may define its
capacity, extent and functions, it is the chamcter-
istics of the upland portion of the watershed
which define the concentration, distribution, and
dispersal of water to the floodplains.

The upper Mississippi River Basin is
composed of many smaller sub-watersheds that

vmy widely in physical characteristics such as
topography, land use, soil types, drainage net-
work, and wetland type and extent. These

characteristics dcterruine water storage arrd
runoff potentiat. Some of these sub-watersheds
arc considered closed basins: the storage volume
in the closed basin must be filled to the level of
the lowest outlet before this basin begins to
contribute to flows in a river or stream outside
the basin. This type of basin by definition has
large quantities of surface storage (lakes,
wetlands, reservoirs, or other surface depres-
sions). Local flooding can occur in the local
basin as water levels rise, even though the basin
is not contributing to flooding outside the basin.
In open systems, surface water mnoff generally
flows to a streanr mrd out of the system. If the
high-elevation area separating a closed basin
from a stream is overtopped by a flood event or

breached by a drairrage channel, the closed basin
becomes part of the open contributing system,
and rapidly adds flows to dowrrstrenm cheanels.
Marry of the constructed open ditch drainage
systems present tedey cause closed systems to
function like open systems (SAST, 1994).

The upkurd watershed characteristics

across the upper Mississippi River Basin have
changed considerably over the past 100 yearn.
The conversion of the majority of the Great
Plains from a prairie/wetlrmd landscape to one of
rrrbardagricukurol land use has greatly altered the
quantity, quality and timing of waters delivered
to the rivers. In marry areas, the land has been
altered to drain water as quickly as possible to
help reduce crop losses. The draining and filling
of wetlands has changed the m rmrrer and rate at
which water enters tributary streams irr complex

WaYSthat cannot easily be explained or m odeled.
How different sizes, shapes, numbers, kinds, and
spatial configurations of wetlands mrd adjacent
habitats and land use influence the distributions
not erdy of water, but of energy, nutrients,

pollutants, arrd species, is presently known in
only a general, fragmented, or localized way. A
systematic view of these interactions that links
spatial and temporal variation within the context

of a wetland landscape altered by human activi-
ties has not yet emerged (Bedford sod Preston,
1988). However, there is considerable evidence
that inputs to floodplains of sediment, nutrients,
end chemicals from upland watersheds can have
major inrpocts on floodplain ecosystem health
and integrity (UMRCC, 1993; Coastal AmericA
1994; Freshwater Foundation, 1994; Lubinski,
1993).

The floodplain components of the water-
shed are the lowlaads adjoining the channels of
rivers mrd streams, or the shorelines of lakes,
wetlands, or other starrdiug bodies of water.
They are lards that have been or may be irmn-

dated by floodwater. Floodplains are shaped by
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dynamic physical end biological precesses
including climate, the hydrologic cycle, erosion
mrd deposition, extreme natural events, mrd other
human-induced forces. Floodplains are. among
the most productive of the planet’s ecosystems,
and this productivity is tightly linked to their
function of temporarily holding rmd conveying
floodwaters, The unique nature of the floodplain
is a result of both short-term and long-term
fluvial processes. The importance of the river te
the floodplain mrd the floodplain to the river
cmmot be overemphasized. If either is altered,
the other will also chmrge in time because
floodplains cnd their rivers are in a continurd
dynamic balance between building of structure
and removal of structure.

When considering the natural functions
of rmd outputs generated by floodplains, the
flooding of the floodplain is imporkmt for the
maintenance of the floodplain-river ecosystem.
The flooding water and subsequent groundwater
levels are the main determinants of the type mrd
productivity uf vegetation found there. Flooding
waters also bring nutrient-rich sediments to the
floodplain, export orgmric mrd inorganic material
from the floodplain, mrd serve as a primary
agent for long-term aggravation and degradation
of the floodplain. The hydroperiod of the flood-
plain, which includes its duration, intensity, and
timing, is the ultimate determinant of the ecosys-
tem structure mrd function (Mitsch and
Gosselink, 1986).

Most of the plants mrd animals inhabit-
ing the floodplain have adapted to a flood-pulse
err mrrmrd advrmce mrd retreat of floodwater
onto the floodplain (Junk et rd., 1989), During
a flood in unconstricted floodplains, aquatic
organisms migrate out of the channel mrd onto
the floodplain to use the newly available habitats
mrd resources, As floodwaters recede, nutrients
mrd organic matter from the fluodplairr are
funneled back into the river along with newly
produced biomass (fish, invertebrates, etc.), This

flood-pulse concept points out the importance of
the lateral links uf the river-floodplain system, in
addition to the longitudinal (upstreem/down-

stmmrr) component for m aintainirrg a healthy,
functioning river-floodplain ecosystem (Sparks,
1995).

Obviously, however, not all uses of the
floodplain em compatible with a natural
hydroperiod or flooding characteristic. For
example, restricting floodirrg of the floodplain is
usually required to minimize the 10ss of crops
and dam ages to property that exist irr the flood-
plain. Currently, there are several systems of
levees in place that reduce the flood frequency to
marry urbarr end agricultural floodplain use areas.
The development of a flood control system on
the Missouri and Mississippi Rivers to support
these activities baa been discussed in Chapter 2.

Settlement and subsequent development in
floodplains have resulted in changes irr flood-
plain physiccl characteristics that are analogous
to changes in the upland watershed. Urbmr mrd
agricrdtureJ development, coupled with the
construction of levees, dams, rmd navigation
facilities, mrd wetlcnd drainage have resulted in
complex chmrges irr the flow characteristics of
the river-floodplain system. These different uses
of the floodplain represent choices made by
society that almost always result in tmde-effs.
For example, levees constructed to enhmrce

agricultural use of the rich alluvial soils or to
protect urbao areas in turn atTect biological
productivity through the elimination of the flood-
pulse rmd its associated processes.

The FPMA focuses primarily on what
effects chmrges in the floodplain have had on
determining the type mrd amount of damages
that occurred with the 1993 flood. It also evalu-
ates what the possible outcomes would have
been under a number of alternative approaches,
including one emphasizing greater consideration
of the natural and cultural vclues of the flood-
plain.

Since it wcs impossible to address a total
watershed model or fully develnp qrrmrtitative
data within the time frame available for this
assessment, the assessment framework considers
comparative impacts of various rdtematives
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through a combination of systemic floodplain
evaluations together with more specific impact
reach studies. Selected sub-basin watersheds irr
the upper reaches were also exsmirrcd to deter-
mine what actions could be pursned that would
reduce the magnitude and slow the tiuriug of
runoff to the major river corridors.

Floodplain Outrruts/Vahms

The outputs mrd values of floodplains
car be considered from marry perspectives.
Throughout the history of the United Stntes, the
prevailing view has been that humans should use
arrd modi& the natural environment, including
floodplains, to meet their needs, orrd to a large
extent this has occurred. Many of the decisinns
to develop sed modify the floodplain were. made
before the complex processes that control river-
floodplrrin outputs were. known. The cumulative
impacts of localized floodplain actions ore still
seldom considered or evahrnted.

The current floodplain outputs mrd
associated damages hm the 1993 flood are a
direct result of past decisions made regerdiug

appropriate use of the floodplain. Often, deci.
sinns made nt the local level do not consider or
carmot predict effects that mny occur in other
parts of the system. Similarly, decisions made
on a rrationaI or regional scale may not adequate-
ly address all the social, economic, or environ-
mental ramifications on the local scale. In mry
case, these decisions usually require a trade-off
behveen one output mrd srrother, and regardless,
all these decisions are associated with a cost.
Some current floodplain outputs require consid-
erable government investment (infrastructure or
disaster relie~ to be sustained, while to nttain
high levels of other outputs would require major
disruption to local communities or individuals.
Some floodplain outputs are simply incompatible
with each other, mrd decisions regarding the
most appropriate or desired use must be made.
Sometimes the political process is the only way
that irrcompntible uses are resolved.

Marry of the preducts aud services

generntcd by floodplains are valuable resoumes
for society. They are public goods, recognized
under the public trust doctrine of public law, aud
have no sommercisl value for the private owner
(Jab., 1978; Bardecki, 1984). Thk is mr impor-
tant consideration when weighirrg the range of
potential outputs fmm floodplains, becnuse these
outputs am a combination of private mrd secietsl
gonds, services, mrd values. A pmblmn arises
when comparing these outputs because it is
d~lcult to fmd a cummon scale upon which to
measure them.

The market mecharrism of auppIy and
demmrd is not well suited for evaluating arrd
allocating public goods. A private landowner’s
decision to modi& the use of the floodplain is
based largely on internalized (private) costs arrd
benefits. Since mmry floodplain benefits or
commodities do not compete in the marketplace,
they cmrrrot be realized by the landowner.
Floodplains are multiple-value systems; e.g.,
snme amss may be more valuable for waterfowl,
other areas may be more valuable for fish pre-
diction, some areas may be more valuable for
agricrrltortd production, and other areas may be
most valuable for their flood storage fmrction. It
has been suggested that no more than one-sixth
of the total societal benefits of wetlands cm be

realized by a private owner, even though the
owrrer may bear all the costs (taxes, etc.) of
ownemhip. Clearly, it is difticult to compare
this wide range of values with a single iudex
such as dollars. Attempts have been made to
place a dollar value on the benefits of wetlsoda,
floodplains, arrd other ecosystems, but none are
wholly satisfactory or universally accepted

(Smith, 1992; Farber mrd Costarrr.a, 198Z
Scodari, 1990; others).

Chmrgea in the way society values the
wise use of natural resources found in the
Nation’s river corridors cau be seen in the many
State mrd Federal Iawa enacted since the 1960’s.
For example, with passage of the National
Environmental Policy Act (1969), Congress
formally recognized that environmental resources
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depend upon the functioning of complex nataral
systems, and declared envirmrmental quality as
a national goal. Fmther, the Interagency Flood-
plain Management Task Force established two

broad objectives for a unified national program
for floodplain management 1) to reduce loss of
life and property due to floods; and 2) to mini-

mi= losses of natural rmd beneficial resources
from changes in land use by promoting the wise
use and management of the Nation’s floodplains.
However, the fact that various government
programs am in place tnday that are inconsistent
with these objectives demonstrates that a diversi-
ty of views regarding appropriate outputs fmm
alternative uses of floodplain resources still
exists.

Snme of the natural services provided by
floodplains include flood storage, convcyaace,
water purification, fish aad wildlife habitat, fish
and wildlife production, biological diversity, and
recreational opportunities. In addition,
floodplains offer cultivated resource values
including products from agriculture, aquacukarc,
and forestry. Given adequate protection fmm
floodwaters, floodplains also provide commercial
and residential outputs. A partial list nf flood-
plain outputs, derived from the Federal Inter-
agency Floodplain Management Task Force
Report (1992), is shown in Table 3-1. A thor-
ough description of these resources can also be
found in that rc.pmt.

Table 3-1. River/Floodplain Resources oad
outputs.

Water Resources

Natural Flood aad Erosion Control
Reduce flood velocities
Reduce flood peaks
Reduce wind and wave impacts

Surface Water Quality Maintenance
Reduce sediment loads
Filter nutrients arrd impurities

Process Organic and Chemical Wastes
Groundwater Maintenance

Promote infiltration aad recharge
Enhance base flow

Livine Resources

Support Vegetation
Maintain high productivity
Maintain natural genetic diversity

Provide Habhat
Breeding and feeding areas (fish mrd

wildlife)
Protect rare and endangered species
Cnrsidors fnr migration

Support Other Ecosystems
Produce and export orgaaic matter

Land Based Resources

Maintain Harvest of Natural Products
Cultivation of fish and shellfish
Create and enhance forest lands
Provide harvest of fur resources

Maintain Hasvest of AgricukuraI Products
Create mrd enhaace agricukrrrat lands

Provide Residential/Commercial Opportunities
Businesses aad Homes

Cultural/Recreational Resources

Provide Education aad Scientific Strrdy Oppor-
tunities

Ecological studies
Historical aad archeological sites

Recreational Opportunities
Provide for active mrd consumptive uses
Provide areas for passive activities
Provide open space sad aesthetic values

An understanding of the various uses aad
vafues in the floodplain aad their effect on each
other is the first step in developing a
multi-objective approach to mmragemcnt of tfre
floodplain, The FPMA has addressed maay of
these floodplain outputs and valnes as impacts
relative to the various structural aad nonstmc-
tural floodplain management evaluated ap-
proaches.

Land UsefLand Cover

The distribution and degree of damages
rmd impacts experienced from the flood of 1993
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reflect the land use mrd settlement patterns
within aud adjacent to the floodplain, Land
Cover refers to the type of feature present on the
earth’s surface. Laad Use relates to the human
activity associated with a piece of land. The
estimatea of land uae mrd land cover for the
FPMA (except within the Omaha District) were
made horn data developed fir the Scientific
Assessment and Strategy Team (SAST) from
1990-1992 August/September Thematic Mapper
satellite imagery, with categories corresponding
to the Anderson Level 1 classification (Anderson
et sL, 1976). For the Omaha District, laud use
data from the Missouri River Flood Plain Atlas
(1982) was used,

Table 3-2 is provided to show the gen-
eral picture of lend use within the FPMA study
area arrd the degree of 1993 flooding relative to
those land uses. However, for the various
FPMA analyses that were conducted, the actual
baac acreages may differ from this table. As
described later in this chapter aed in Chapter 5,
it was not reasonable to identi& one unique
study area for defining base conditions fnr
cconom ic, hydraulic, mrd environmental analysis

because of the variability in data quality and
extent of coverage among the various sources of
data.

Differences will be apparent when
comparing the data in Table 3-2 with other land
useiland cever databases. For example, the data
presented ia the Interagency Floodplain Meuage-
ment Review Committee (IFMRC) report (1994)
will vary somewhat because of different overall
study areas used for the two assessments. Dif-
ferences for Mississippi River Districts will also

vmy from data deveIoped by the Environmental
Management Technical Center (EMTC) because

of differences in clssaitication categories, ground
troth verification, mrd extent of floodplain used
as a base. It should ako be noted that claasitica-
tion of satellite imagery is typically only 85
percent accurate, mrd this could also account for
some differences between different studies.

In Table 3-2, it is apparent how land usc
characteristics of the floodplain system chmrge as
one moves downriver. Obvious differences

between the Mississippi sad Missouri Rivers =e
also apparent, particularly the high extent of
agricultural land use on the Missouri River.
Although wetlaad mrd water show a greater

petientage nf land use in more upstremn loca-
tions of the Missiaaippi River, with agriculture
dominating in lower rcachea, agriculture is
dominant throughout the Kmrsss City and Omaha
reaches of the Missouri River. Urban use is also
higher on the Mississippi River thmr ia the
Missouri River floodplain, with the highest
overall percentage in the St. Paul District reach.
The floodplain is narrower here, however, mrd
higher total acres of urban uae are seeu ia lower
reaches. Excluding the water category, “natural”
land use (wetland and formt) accounts for only
10 percent of the floodplain on the Missouri
River, but accounts for 15 to 25 percent of the
land use on the Mississippi River.

The IFMRC Report (1994) provides a
good overall description of the history of devel-
opment arrd current trends in the upper Missis-
sippi River Baain land use. Portions of that
narrative am repeated or modified in the discus-
sion that follows.

Management of the Nation’s floodplains
involves a variety of disciplines, governments,
and private sector activities, all of which interact
in complex ways to influence the priorities for
lmrd use in the floodplain. The floodplains

along the main stem Mississippi rmd Missouri
Rivera and the major tributaries that were inun-
dated generally are used for agriculture, and
most areas are spamely populated. Throughout
most of the ares, river towns are protected by
urbau levees, or they are located primarily on a
bIuff. Floodwaters thus inundated neighbor-
hoods rather than entire communities. Residenc-
es, businesses, mrd industries received damages
in bottomlarrd areas mrd along tributaries near
Kansas City and St. Louis. Development in
these urban areas, however, is largely in the
uplmrds or protected by urbmr levees that provide
flood protection. As a point of comparison,
significantly fewer people were affected by the
Midwest Flood of 1993 thmr by the 1927 flood
on the lower Mississippi River,
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Above Rock Island, Illinois, the Missis-
sippi River voIley is relatively nerruw mrd
bottomlsrrds are filled to a large extent by navi-
gation pools - the slack-water pools that form
behind navigation dems. Most of the remsining
floodplain in this area is contained in wildlife
refuges with limited agriculture. Along this
reach of the river are scattered towns settled
during the steamboat era that have developed ss
market centers mrd service areas for agricultural
communities. Industries were established in
mmry of these towns to take advantage of river
navigation end the railroads that later followed
the river vrdleys. Such towns generally have
been pretected by urborr levees or are largely out
of the floodplain. Below Rock Island, the valley
widens out to ss much m 6 miles. The extensive
bottomlands in these mess are. prutected by
agricultural Ievees mrd em used for crops. The
leveed areas include farmsteads and a few small
farm communities entirely within the floodplain.

Missouri River bottomlmrds, used pre-
dominantly for agriculture, are. protected to

v~ing degrees by levees. On the tiinges of the
bottomlmrds are small farm communities. In the
adjoining uplands, a number of huger communi-
ties ere located on the bluffs above the valley.
Developed floodplains with hu-ger urbmr areas
such as Omaha-Council Bluffs, Kansas City, arrd
St. Louis ere largely protected by levees. Near
Kansas City mrd St. Louis, several residential,
industrial, end commmciel areas are built on
floodplains behirrd levees that overtupped or
failed irr 1993. Other residential, industrial, or
commercial areas were flooded tdong the larger
tributsry streams in these urbmr smas. Scattered
slong the river are rural subdivisions, marry of
which began as hunting mrd fishing camps and
evolved into year-round communities. These
subdivisions provide inexpensive housing in psrt
because of cheap land, lack of services such es
sewer and water, limited land use controls, and
few building requirements.

On the major tributmies, the patterns of
development ere much the srane as rdong the
Mississippi and Missouri River main stems,

slthough the bottombsads sre narrower with
fewer fmrnsteeds. The small towns along these
tributaries ofien have flood-prone neighborhoods,
but most of the population lives in the sdjoining
uplands.

Environmental ImDacts of the Flood

An actuaI flood event is not ‘typicsIly
considered a negative impact frem mr environ-
mentrd perspective, because most of the plants
mrd animals of the nataral floodplain have
sdapted life history strategies that slluw them to
react to rmd benefit frem floods. Because the
psrticrdar use of a piece of land is the ultimate
deternrinsnt of the status of the environmental
resources and outputs of that land, land use, as

OppOsed to flOod impacts, was the bssis for the
environmental impact categories chosen for this
assessment (see Chapter 4). To measure changes
in lmrd use related to various floodplain mmrage-
merrt options, end thus chrmges in environmental
resources, mr envirenmentd resources iavento~
was conducted for the entire study area flood-
pkiin to qusotify the existing floodplain resourc-
es. This data was compiIed by a contractor
using existing databases aud personsl contscts
with agency stfi from many State mrd Federel
agencies (Appendix C).

Although “land use” mrd not “flood
impacts” was used to assess environmental

effects, it is useful to note how the natuml
enviromnent responded to a flood of the magni-
tude that occurred in 1993. Flooding cmr have
both beneficial mrd detrimental impacts to the
biota of the floodplain system, however. Im-
pscts to wildlife sdjscent to leveed stmoms ecndd
be stTected more thmr irr non-leveed areas be-
cause of the possibility of levee breaches or
breaks where there is a swift influx of water. In
en rmregulated river, water levels generally rise
gredurdly to flood stages mrd mrimsls have a
longer time period to escape rising water. Flood
imposts csa also be short-term mrd/or long-term.
For example, the short-terra impact of tree
mortality creates gaps in the cmropy of a forest
community, allowing light penetration end new
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tree growth to occur in these gaps. This process
sets back succession aad can lead to a more
diverse forest community in the long term. The
1993 flood caused substantial tree mortality in
the upper Mississippi River system floodplain.
The magnitude of flood impacts was correlated
with the amplitude and duration of the flood.
On the Mississippi River fionr pool 17 dowariv-
er to the open river, 18 to 37 percent of the
cmropy trees were killed, 70 to 80 percent of the
saplings perished, and smaller juvenile trees
were nearly completely wiped out (Yin et al,,
1994), On the Missouri River, forest stand
regeneration was noted in some flooded areas,
but some levees reportedly lost considerable
vegetative cover due to scour and prolonged
inundation (Becker, pers. comm.).

Flooding can allow native species to
reintroduce or increase their foothold in areas
that have been invaded by tree species not
adapted to flooding in bottom land environments
(Bhowmik et al,, 1993). The floodwater aided in
dispersal of oak, hickory, and other seeds to new
areas of the floodplain (Allen, 1993). The flood

of 1993 also benefited some of the native marsh
vegetation by suppressing purple Ioosestrife, the
invading weed which has been dkplacing the
native species (Allen, 1993).

In some areas, predatory species of the
riverine environment thrived by feeding on fish
which am trapped in shallow areas. Wading or
predatory species of birds such as shoreb~ds,
herons, egrets, bald eagles, and hawks benefited

by increased food resources such as fish trapped
in shallow areas. Mammals such as raccoons

and mink likewise benefited. Other bird species
such as the endangered least tern had many nests
swept away by the rising waterc (Allen, 1993).

I The flood disrupted attempts at improv-
ing wildlife habitat by inundating the 6,600-acre
Ted Shanks Conservation area in Missouri.
Instead of having 19 separately managed units,
that area became a large pool with water up to
20 feet deep in areas, thereby eliminating much
of the shallow water needed for feeding areas by

some waterfowl (Allen, 1993). The flood also

directly destroyed or reduced available food for
migratory waterfowl such as the m nllard, which
relies on the seeds of native plants arrd on com
left in fields after harvest (Allen, 1993).

For many species of fish, population
levels increased due to the abundance of food,
increased spawning habitat, and increased juve-
nile survival due to the large nursery areas
resulting from flood inundation. During the
1993 flood, the inundated famrs and pastures

becanre some of the most active areas of biologi-
cal activity (Theiling, 1993), Grass pickerel,
bigmouth buffalo, Iargemouth bass, black crap-
pie, white bass, and bluegill all showed increased

spawning and survival as a result of flood cmrdi-
tions,

Flooding can result in an increase in the
number of pest species such as mosquitoes due
to the increase in habitat available for laying

eggs. AnOtber pest species present ia the study
area is the zebra mussel, but it is unknown how
the flood atTected this species.

During the flood, a change in the domi-
nant sedimentation process in selected sampled
pools of the Mississippi River resulted in scour-
ing of deeper areas and accumulation of sedi-
ment in shallower areas, a reversal of the trend
during prcflood conditions. The net rate of
sediment accumulation along sample transects
during the flood was less than that during pravi-
ous sarveys (Rogala and Boma, 1994).

Cultural Resources Imr)acts of the Flood

The Mississippi aad Missouri Rivers
have been many things to those who have inhab-
ited their floodplains. The rivers have been
important transportation corridors; a resource for
fish, gaare, mussels, and wild rice; a boundmy
between human groups; a recreational resource;
and their floodplain terraces home to people for
more than 12,000 years. During their travels on
these rivers, in their campsites aad village sites
and their cities, and in the wrecks of their boats,
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the valleys’ inhabitmrts have left evidence of
their presence. Numerous surveys conducted by
the Corps of Engineers snd other agencies nnd
databnse compilations have shown that the
middle and upper Mississippi River floodplains
contain thousands of archcelogical and historic
sites, As the Missouri River has historically

meandered extensively across its floodplain, the

oppOfin@ of site smwivel there is low,

Floods affect cultural resources in a
number of ways. Archeological sites lying along
strenmbanks can suffer erosion, leading to pmtial
or total loss of the site. Inundation can bury
sites in silt end subject them tn compacting and
moisture damage. After floodwaters recede, the
soft ground surface may be tracked, rutted, or
otherwise damaged by rescue vehicles, ntllcial
personnel, nnd landowners. Standing structures
can be swept away or flooded from their base-
ments to their rooftops, leading to the partial or
total destruction of the structure. Flood damage
to upland archeological mrd historic sites, while
important, cannot be addressed in this report.

The human response to floods can limit
or increese damages to archeological and historic
sites. Levees protect both types of sites from
flooding, but subject both to urbnn or agricultur-
al development. Retaining excess water in flood
storage reservoirs for longer than normal cnn
cause bunk erosion around the reservoir. Build-
ing emergency levees using nearby till cm
destroy archeological sites, and levee fnilures cm
cause much more rapid and serious erosion and
can sweep buildings away - as was seen so
vividly in the television coverage of the flood.
The policy/progrem nnd action alternatives
exnmined in this study would also atTect cukurel
resources in different ways.

The 1993 flood had a broad range of
effects on cultural resources in the upper Missis-
sippi River Basin. Damage to cultaral resources
was greatest on the Mississippi River in the
Rock Islnnd and St. Louis Districts, On a scafe
of O to -5, the extent of damage became increas-
ingly worse as the flood moved dowmiver. In

the St. Paul District, the flood’s effect on mdturnl
resources received a -1 rating. For Rock Islnnd
District (from Gutenberg, Iowq to Saverton,
Missouri), the flood’s effect on cultural resources
rated -2, snd in St. Louis Distict (from Saverton
to the Ohio River) the flood’s effect rated -4 for
archeological resources and -3 for historic re-
sources.

Cultural resources impacts on the Mis-
souri River below Rule, Nebraska, appear to
have been minimnl. Other thnn some early 20tb
centmy frrrmstead sites that may have been
nffected by the flood, Krmsas City District
reports that no historic standing structures sod
none of the significant known prehistoric sites
were damaged by the flood.

A more detniled discussion of the cultur-
al resources within each District’s boundaries is
presented in the Cultural Resources appendix
(Appendix E).

Economic ImDacts of the Flood

One of the initinl tasks of this assess-
ment was to obtain information and data on the
damages, expenditures, and other losses cansed
by the Midwest Flood of 1993. Great reliance
wns placed on already existing sources of data.
The 1993 flood damages in most cases exceeded
existing stage damage curves, since they do not
adequately cover the damages experienced when
floods last severnl months. The extreme dura-
tion of the 1993 flood resulted in significantly
greater damage than a comparable height of
shorter duration. A significant additional effort
was required, however, to compile and orgnnize

this data so that it would serve as the “base
condition” within the evaluation fremework that
wns developed in this assessment. The establish-
ment of “impact categories” as a part of the
evaluation frnmework is covered in Chapter 4 of
this report.

A scope of work was prepnred that
identified the economic and social related impact
categories for which data from the 1993 flood
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would be eollacted by each of the five Corps
Districts in their respective areas. Four of the
five Districts obtained contractor assistance to
coIlect relevant dat~ mostly from secondmy

sources. Kansas City Distict did its own data
collection. This data wes subsequently provided
to the Lower Mississippi Valley Division
(LMVD) otllce of the Corps, which was aa-
signed respensibllity for preparation of a report

summarizing the dmu ages from the Midwest
Flood of 1993. The LMVD report is a primary
reference document for this assessment. The
Interagency Floodplain Management Review
Committee report was mrother important source
of information mrd data related to FederaI Gov-
ernment expendhtras on emergency response
mrd recovery costs. Other data was obtained

directly from Federal agencies such as the Feder-
al Emergeney Management Agency (FEMA) rmd
the Deparlrnent of Agriculture.

As data collection was nearing comple-

tion, it was determined that two base conditions
were needed for developing comparisons of
economic impacts in the evaluation framework.
The first base condition (Column A in the sum-

mm’y matix tables; see Chapter 5 presentation)
covers aH Federally declared disaster counties
contributing flows to the upper Mississippi and
lower Missouri River Baains. Approximately
475 counties arc included (Figure 3-1, FPMA
Disaster Counties). (NOTE: For the nine-State
Midwest region as a whole, mors than 525
counties were included under disaster deckwa-
tions. Those not being considered in this flood-
plain management assessment are outside the

upper Mississippi end lower Missouri River
drainage basins).

The second base condition (Column B)
includes only those Federally declared disaster
counties that are adj scent to the main stems of
the two rivers or to their major tributaries that
were the subject of separate impact reach analy-
ses (Figure 3-1, Impact Study Reach Counties).
This set covers floodplains of major rivers in the
region being examined in this assessment and
includes approximately 120 counties. Most of
the impact comparisons that are developed in

this =.Xaament focus on this Iiiited set of
counties in Column B of the summary evaluation
tables.

Envirmmrentzd resouree categories, data
and information concentrated specifically on
tloodphims in river segments ccmraapondmg m
the Column B counties. No envirmmrental
resource inventoty for this floodplain manage-
ment assessment was conducted in upland water-
shed areas. The focus for data collection on
critical facilities was likewise cmrcentrated on
the floodplains corresponding to the Column B
counties.

Each District has developed its own data
for the two base conditions with the exception of
St. Louis District, where sfl counties within its
boundaries are included in both Colmuns A and
B. For all of the economic and risk impact
categories, information and data were most
readily availabIe or able to be developed at the
county level. A remaining challenge is to be
able to analyze and evaluate economic and sociaI
data on the baais of floodplain location. A start
has been made in organizing some types of
information mrd data on this baais, but a system-
ic portrayal of specific eeonomic emd social data
for many of the issues of interest for baains and
main stems es large es the lower Missouri and

upper Mississippi Rivers ramains to be Wcom.
plished.

IrI the following section, both region-
wide impacts and impacts within FPMA study
reach counties are. discussed. Damages or
impacts that relate specifically to areas exmuined
in this assessment are identified as such.

At least half the damages incurred in the
Midwest region during the 1993 event were
losses in agricultural prediction. A ve~ conser-
vative estimate, baaed largely on government
assistance to farmers in the form of crop insur-
ance and disaster relief, is that at least $3.85
billion in agricultural damages were incurred for
all counties in the upper Mississippi and lower
Missouri River Basins.
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This wea a m.gion-wide impact, extend-
ing far beyond the floodplains of the main stem
rivers and major tributaries. In the Base Condi-

tion, Column B “floodplain” counties for the
impacts summ my tables presented irr Chapter 5
of this report, some 21 percent ($817 million) of
the totaf regional agricultural production losses
are estimated to have nccurred, despite these
counties being about 25 percent of all the Feder-
ally declared disaster counties being examined
withiu this assessment. A somewhat greater
share of the losses appears to have been experi-
enced in counties in upland areas of major
waterbeds where extensive, persistent rainfafl
made farming extremely difficult, if not impossi-
ble, on many of the more than 35 million farm
acres damaged (NRCS, pera. comm.) during the
summer of 1993.

An even more. telling point can be made
from review of Federal Crop Insurance Corpora-

tion data on causes of loss associated with
insurance payments for 1993. More than 80
percent of the insurance payouts, region wide,
for the declared disaster connties were for causes
of loss other thau “flooding,” Far more payouts
were attributable to “excessive rainfall” than to
arry other cause of 10ss. St. Louis District
counties along the Mississippi River and tributar-
ies in Illinois end Missouri prove to be the
primary exception, where approximately 62
percent of the losses were caused by overbank
flooding associated with agricultural levees in
the floodplain being overtopped in mrmy loca-
tions. But agricultural losses in St. Louis Dis-
trict account for only 4 percent of the total
regional agricultural losses. In the St. Pard

District areas of Minnesota arrd Wisconsin, by
contrast, only 1 percent of agricultural Iossea
were attributable to “flooding,” while 60 percent
were caused by “excess rairrfafl.” This area
experienced more thmr 12 percent of the total
regionrd agriculturrd Iossea. Causes nf 10ss in
Omaha, Kansas City, and Rock Island District
areas fell between these two extremes. In Kau-
aaa City District, counties adjacent to the Mis-
souri River also wem subjected to flooding as
the principal cause of agricultural losses. Never-

theless, in marry locations, agricultural losses
were not capable of being addressed by chmrges
in floodplain mmrsgement policies arrd programs,

as these losses were experienced in upland arena
of the watersheds, not in the floodplains tfremr-
selves.

For the residentird impact category, more
tharr $760 million in damages are estimated to
have been experienced across the region during
the flood. St. Louis District counties alone
contributed $431 million (57 percent) of this
total. It appears that, in many locations, the
estimates of flood damage exceed what might
ntherwise have been expected through applica-
tion nf existing stage-damage curves. It may be
that these curves do not adequately cover the
damages experienced when flood duratinns last
several months, The extreme duratiun of the
1993 flood reardted in significantly greater
damage tbmr a comparable height flood of
shorter duration.

Other urban darn ages, including losses to
commercial sud industrial structrrrcs, pubIic
buildings, transportation facilities, and utilities
are estimated at more then $1.6 billion fnr the
area examined by this assessment. Counties in
the Kmrsaa City District accuunted for 40 percent
of this total, arrd St. Louis District cuunties
contributed another 37 percent. These reflect
major impacts along the Missouri River as it
crosses the State of Missouri rmd in the metro-
politan Kansas City end St. Louis areas.

At least $227 million is estimated to

have been spent nn emergency rcaponse costs
region-wide. St. Louis mrd Rock Island District
counties were the locations of 45 percent and 31
percent of these expenditures, respectively.

At least $1.161 billion is estimated tn
have been expended on disaster rrdief fnr agri-
culture in the counties covered by this easess-
ment. Omeh& Rock Island, and St. Paul District
areas received the largest amounts of aid, mfle@-
ing the heaviest and most widespread losses in
Iowa, Minnesota, South Dakota, and Missouri.
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For disaster nssistanee related to human
serviees, approximately $1.3 billion is estimated
to have been expended io the connties examined
for his assessment. Wkbin four of the five
Corps District boundaries, disaster assistance
reeehed more. than $250 million; the St. Louis
District area, with s smeller number of ~o”ntie~,
was the recipient of en estimated $134 million.

WMr respect to Federal insurance pro-
grams, expenditures tbmugh the National Flood
Insurance Program (NFIP) and the Federal Crnp
Insurenec Corporation (FCIC) were significantly
less than the amonnt of disaster aid dollars
provided for hummr resourees end agricultural
needs. For the NFIP, $372 million in claims

Pnymenta is estimated to have been provided for
the connties covered in this assessment. This
number is larger thins reported in the IFMRC
Report (1994), but it reflects data cnlleeted 6
months later then the IFMRC effort end is thus,
pscsumably, a more cemplete compilation. Fnr
the FCIC, approximately $748 million in claims
payments wese made in these same counties.

Critical Facilities

The Water Resourees Council’s Flood-
plain Management Guidelines established the
concept of a “critical action.” The report ex.
pressed concern that the impacts of floods on the
safety of hummr health, physical safety, and
welfare for public activities created a need for a

greater amount of protection than that provided
by 100-yeer base flood protection. Thus, a
greater level of protection mrd a mimimum basic
standard used to evaluate criticaI actions were
established with the 500-yeer leveI or 0,2 percent
chance flood.

Along with the need for critical action
evolves the need to determine the definition of a
critical fneility end its importance to the public.
A suggested list ef critical facilities has been
determined by agency comments end coordina-
tion. “Critical” is defined es ‘being in or ap-
proaching a state of crisis especially through
economic disorders or by w“rtue of a disaster;

characterized by risk or uncertainty. ‘ A “facili-
ty” is komething that is bui[t, irsstaIIed, ar
established to serve a particular purpose.’
Therefore, a critical facility is a stmctnre which
is eb-andy built and located irr the floodplain
which cmsnot be moved due to the serviee it
provides and which wouId cause a crisis or
disaster to the lives end health of the community
in which it is located if it were. affected by a
500-yeer level flood (U.S. Water Resoumes
Council, 1978).

The criticeI facilities determined to be

hazardous to life mrd health can be iderrtifkd by
four major categories: 1) Hazardous Materiels
Prediction, Storage, end Waste Facilities; 2)
Essential Utilities; 3) Essential Services; mrd 4)
Emergency Services. The speaitic fneility types
in eseh msjor category am listed in Table 3-3.

Table 3-3. FPMA Critical Facility Category
List.

1. Hozordaus Matmia& &odudian, Storage,
and Wm’ta Faciii&s

* Superfnnd Sites
● Lsndfdls
● Hazardous Waste Facilities
● Petmchemicsls and Major Pipelime

2. Essential UWdes

.

●

●

✎

0
●

.

.
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Municipal arrd Industrial Natiosad
Pollutant Discharge Elimination Sys-
tem (NPDES) Sites
Water Treatment Plants
Major Water Supply Intakes
Water Well Fields
Sewage Treatment Plants
Power Plants
Major Power UtiMy Subststinrx
Communication Eqnipment smd Re-
lated Antennas (tclevtilon, r’adin,
telephone services)



3. Essential Ssrviccs

.

.

●

✎

✎

●

●

Hospitals
Group Homes for the Mobility Im-
paired
schools
Major A:rperta
Federal Post OffIces
State or Federal Bridges
PrisOua

4. Emergsrrcy Sarvfca.r

. Fire Departments
● Police Statioua
● Military Baaes
● Major Computer Centers

The first catego~, Haaardous Materials
Produti-on, Storage, and Waste Facilities, is
defined as a plant or site which produces or
storm toxic, volatile, or water-reactive materials
for a period greater than 90 days and in stil-
cient amounts established by the Environmental
Protection Agency (EPA) Guidelines. Hdous
Material Production, Storage, and Waate Facili-
ties includes the collection, source separation,
storage, transportation, processing, and treatment
of hazardous wastes as listed by the Resource

Consemation and Recovery Act of 1976,
superfiund sites established by the Comprehen-
sive Environmental Response, Compensation and
Liability Act (CERCLA) for the treatment of
inactive hazardous waste sites, landfills, hazard-
ous waste facilities, petrochemicals, and major
pipelines of petroleum rmd natural gas.

The second category, Essential Utilities,
provides major service and aid to the essential

welfare of a community. Essential Utilities arc
those which previde the unavoidable necessities
of daily life. These facilities for essential utili-
ties include water tmatnrent plants, major water
supply intake ~ for large communities,
water well fields, sewage treatment plants, power

p]anta, major power utility substationslswitching
facilities, major power lines, municipaJ wells and
substations, communication equipment end
related antennas used in essential utilities such as
television, radio, and telephone services who arc
members of the National Emergency Broadcaat
Systcm. Municipal and industrial NPDES sites
which have bean spcc~lcelly designated by
permit to discharge pollutants into the waters of
the United States were also included in this cate-
gory.

Water supply intake systems for. some
small communities would be more cost efficient
if the well or pipes were capped and drinking
water was previded temporarily. These smaller
communities wou!d not be designated es “csseu-
tial utilities” because of their size (and the option
of bringing in drinking water for smaller com-
munities). However, the loss of water is critical
regardless of the population. The Safe Drinking
Water Act applies the standard nrles applicable
to the initial building and rebuilding of water
intake systems, regardless of the size of the
community. Systems that would be inundated
and suffer total water lnss should be designated

as Level I; these communities would have no
water available to them at all. Level 11 is those

communities which would have no potable
water, but water sutlicient for sanitmy uses.

Essential Services, a third category,
would include services which provide health
care, transportation, end sa6ety te society. These
include hospitals, schools, group homes for the
mobility impaired, major paasenge.r airports,
Federal pnst offices, bridges, and prisons.
Housing for the elderly is mnsidered a critical
facility when faat and unexpected rising of
floodwaters would prevent safe evacuation and
placement of the elderly, who are relatively

immobile (Federal Emergency Management
Agency, 1987).

AiTorts am considered critical if they
accommodate more than 1,000 passengers per
day and are located in a floodplain. Essential
bridges and highways which am critical include
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any State or FederaI highway bridge across a
major river (defined as having a drainage area of
4,000 square miles or more), interstate highwsy
system, snd Clsas I railroad bridges.

Emergency Services provide protection
or sasistsnce in the event of an emergency, The
Emergency Services catego~ would include fw
depmtments, police stations, militery bsaes, and
computer centers which serve the previous
emergency services.

Historical snd cultnraI sites are not
included in the definition of a critical facility,
but deserve special attention. Protection of those
structures rmd sreas listed on the National Regis-
ter of Historic Places is important in preserving
the history of the country and the education of
society (36 CFR 800).

A variety of sources were contacted in
the attempt to identify snd develop databases for

these critical facilities. Some of this data had
been compiled previously by the Federal Emer-
gency Management Agency (FEMA), the Scien-
tific Assessment Strategy Team (SAST), the
Environmental Management Technical Center
(EMTC), the Environmental Protection Agency,
the Corps of Engineers, and a range of other
State and Federal agencies and sources from the

nine study area States, Usually data varied
among sources in extent of coverage, degree of
conversion to digital form, spatial characteristics
or description, and overrdl availability. As part
of the FPMA effort to identify critical facilities
needing added protection, the compiled databases
have been snmmtized in Table 3-4. A list of
identified facilities and a general description of

each is provided in Attachment 4, along with
tables showing the quslity, sources, mrd other
characteristics of the data. It needs to be empha-
sized that the list of facilities is incomplete and
is baaed on Iimited data that varies in quality
from one location to another.

Risk Factors

Another challenge in examining existing
floodplain resources and establishing so evalua-
tion framework for this assessment wss to in-

clude consideration of a range of socinl issues
and impacts related to the 1993 flood. There
were major societal dlsmptions aaaociated with
tens of thoussnds of people forced tlom their
homes for extended periods; transportation
disruptions with bridges closed mrd access to
jobs and businesses severely impacted in river
communities; snd loss of at lesat 47 lives attrib-
uted to the flood. For this assessment, there was
a need to establish impsct categories that would
serve as quantitative indicators of chmrges in
impacts for which data could be obtained that

would reflect social needs and conditions.

As a result, five impact categories were
developed with the expectation that quantitative
data rmd information could be obtained that
would portray the severity of the 1993 flood.
Two of the five impact categories related to
critical facilities, aa discussed in the previous
section of this chapter. The other three involve
estimates of the number of people that were
vulnerable to flooding; the number of communi-
ties that were vulnerable to floodhg; and the
number of residential structures that were vulner-

able to flooding. These risk related impact
categories comprise rows 19 through 23 of the
evaluation matrix summsry tables, examples of
which are initially presented in Chapter 4 of this
report.

An obviously conservative method of

estimating the number of people vulnerable to
flooding, for which quantitative data wss avail-
able, is to use the number of clsims for assis-
tmrce from agencies such aa the FEMA individu-
SI snd fsmily assistance progrsms and Small
Business Administration losn programs for
homes, businesses, and economic injury. Based

on employment, transportation, and public ser-
vice disruptions in river communities that were
flooded, it is also recognized that the impncts
extended beyond those who incurred dam ages
and losses to property. Data to account for such

disruptions, in terms of number of people stTect-
ed, were not able to be developed on a consis-
tent baais for all affected areas in the entire
bsain, but would clearly include at Iesat seversl
million people,
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An estimate developed for this aascss-
ment is that more them 185,000 people wem

directly atTected, based on dmnage to homes end
property, by the Midwest Flood of 1993. St.
Louis rmd Rock Island District counties had the
most people tiected.

An estimate of the nnmber of communi-
ties’ flooded during the 1993 event was devel-
oped through a review of Corps of Engineem
post-flood reports mrd other sources such as
recipients of FEMA community intlastmcturc
disaster aasistcnce. Over 430 communities arc
estimated to have experienced flooding. Kansas
City District reported more. communities afTected
than say other District, with 229.

An estimate of the number of residential

structures dmnaged or at severe risk from the
1993 event exceeds 56,000. Almost 42 percent
of this estimate is for stmctures in the St. Louis
District area.

Each of thew estimates should be con-

sidered es an indication of the extent mrd seven.
ty of the Midwest Flood of 1993, but not as
highly reliable, precise measurements. The

estimates were. developed for the primary pur-
pnse of having some quantitative information
with which comparisons could be made of the
change of impacts that could be expected if
various changes in floodplain management
policies, pregrarns, or flood prelection projects
were made.
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Findinm

3-a) Floodplains provide opportunities for a
wide range of outputs that include both pri-
vate individual and societal benefits.

3-b) Land use differences between the two
river systems and between upper and lower
reaches are apparent. Agricultural uses
account for over 77 percent of the Missouri
River floodplain and 31 to 64 percent of the
Mississippi River floodplain, depending on the
reach. Wetland and Forest account for a
higher percentage of land use on the Missis-
sippi River (15 to 25 percent) than on the
Mksouri River (10 percent).

3-c) Extreme floods rework alluvial deposits
on the floodplain, which is a disturbance
process that typically creates new habitats for
early successional blots. Short-term adverse
impacts may occur, butthe long-term effect is
generally beneficial.

3-d) Afloodis themajor way that exchanges
of nutrients, organic matter, and organisms
take place between the main channel and
lateral floodplain areas. Thus, cvea though
levees do prevent some environmental damag-
es, they also break the linkage of floodplain
ecosystem components.

3-e) Tbe extreme 1993 flood inundated a
large percentage of the floodplain and demon-
strated how plants and animals, adapted to a
flood-pulse (especially fish), respond positively
to floods.

3-f) Expenditures forthe1993 flood tbrough
the National Flood Insurance Program and
the Federal Crop Insurance Corporation were
less than half of the disaster aid payments
made for human resources and agricultural
needs.

3-g) At least 50 percent of total 1993 flood
damages were agricultural.

3-h) Based on 1993 Federal Crop Insurance
Corporation payments, at least 80 percent of
the agricultural damages region-wide were
caused by saturated soil conditions, lack of
drainage, or other canses, not overbank flood-
ing, and most of this would not have been
affected by changes in floodplain management
policies or programs.

3-i) For the 120 counties adjacent to the
Upper Mississippi and Lower Missouri Rkers
and several of their major tributaries that
were the fucus of this assessment, urban
damages substantially exceeded agricultural
losses. Overbank flooding and problems
associated with urban drainage and
stormwater mnoff continue to occur in a
nnmber of locations, as confirmed by the 1993
event.

3-j) Existing information and databases did
not allow a comprehensive inventory of criti-
cal facilities subject to flood risk to be devel-
oped, nor to estimate costs to satisfactorily
protect or relocate such facilities from flood-
ing. A substantial amount of work remains to
beaccompfishedto develop snch information.
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CHAPTER 4-EVALUATION PROCESS

Introduction

As defined in the report, A Unified

National Prommr for FloodLdairr Marraeement
~ floodplain management is “a continuous
process of making decisions about whether and
how floodplain lands arrd waters am to be used.”
It is broad in concept mrd inclusive aa to the
range of approaches that can be taken. The

document identities four strategies for managing
floodplains that are directed toward the objec-
tives of reducing risks both to human resources
and natural resoumes. These strategies am:

* Modi& human susceptibility to flood
damage and dismption (i.e., avoid locations that
are vulnerable to flood risk, or prepare for and
accommodate the possibility of flooding);

* Modify the impact of flooding on individu-
als and the community (i.e., make flood insur-
ance available for locations vulnerable to flood-
ing or provide other kinds of assistance when
flooding occurs);

* Modify flooding (i.e., construct projects to

retain, divert, or protect against floodwaters); rmd

* Preserve and restore the natural resources

and functions of floodplains.

An essential task in the conduct of this
Floodplain Management Assessment (FPMA)
was to evaluate a wide rmrge of measures that
might respond to the damages and other impacts
to human and natural resources resulting from
the 1993 flood. The floodplain management
strategies identified above provide a context and
suggest some took by which flood impacts to
humans might be reduced end floodplain re-
sources sustained in the future. The meaaums
need to include both: 1) policy and program
changes that have the potential to affect the use

of floodplains and tins exposure to flooding, and
2) actions that z@ct hydrologic and hydraulic

conditions in the upper Mississippi and lower
Missouri River Basins (i.e., the flood flows and

stages). It was considered essential that a good
balance and mix of nonstructural “measures” end
structural “action alternatives” be evaluated,
because each is among the approaches to be
considered in developing more effective flood-
plain management strategies.

The BASE CONDITION against which the
evaluations were comprmed is the 1993 flood, the
1993 floodplain land use, and the damagea and
other impacts that resulted from that event. The
evaluations were conducted analyzing:

1) Scenarios (changes in policies/pmgrarrrs -
generally “nonatrnctural” in character);
and

2) Action alternatives that tiect hydrologic
and hydraulic conditions (generally
“structural” in character).

The outcomes of the evaluations are de-
scribed as “impact assessments.” They are baaed
on CHANGES in economic, environmental, and
social/flood risk related impacts thatcould eccur
if measures comprising either a) the scenarios or
b) the action alternatives were implemented,
when compared to the 1993 flood base condi-
tion.

Two sample matrix tables (Tables 4-1 and 4-
2) were used aa worksbeets for stmcturing the
analysis. The fmt table displays the aeven
defined POLICY or PROGRAM issue areaa

within each SCENARIO (Columns C - I across
the top). The economic, environmental, rerhrc-
tion of risk, and implementation cost IMPACT

CATEGORIES are shown along the left edge of
the table (Rows 1- 25). Columns A and B am
for display of the 1993 flood BASE CONDI-
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TION impacts (the damages or other losses that
were actuslly incurred), Column A includes rdl
Federally declared disaster counties in the upper
Mississippi River Bnsin, approximately 475 in
number. Column B includes only those declared
disaster counties, approximately 120 in number,
that are. adjacent to tbc main stem upper Missis-
sippi end lower Missouri Rivers or to a limited
number of reaches along severel major tributmy
rivers. Most of the impact assessments that were
completed we bsscd on CHANGES (plus or
minus) in impacts when compemd to the Cohrmn
B base conditions, although the Column A data
is also useful for perspective on the extent of
damages from the 1993 event besin-wide.

Three scenarios were developed es the
means by which a wide range of “NONSTRUC-
TURAL” policy and pmgrrnn measures could be
evaluated. Each scenario has its own completed
summ my impacts table presented at the conchr-
sion of Chapter 7. Scenarios and the individual
policy mrd pmgmrn measures which comprise
them are discussed in more detail and listed in
Chapter 6.

The second sample table displays each AC-
TION ALTERNATIVE that is to be evaluated
across the top (Columns K - W). These are
actions that could effect the hydrology and
hydraulics of flooding. They am NOT a part of
the scenarios as described above. The same
impact categories are shown in the left edge of
the table (Rows 1 - 25). It is essential that the
scenario meeaures nnd the action alternatives be
exanrined from the same frame of mfemnce
provided by the impact categories. The same
base condkions (Columns A and B) are used to
provide an identical base line fmm which to
compare chrmges in impacts for the action
alternatives, the same process as described above
for the scenario meesures.

The letters and numbers on the top mrd letl
side of these sample tables have been used to
cross-reference “cell note” descriptions in Chap.
ter 3 of the Evaluation Appendix (Appendix B),
where the most detailed discussion of scenerio

measures is presented. The intersections of

column letters and row numbers meke up ierdi-
vidual “CELLS” in the tables. CELL C9, for
instance, should identify how the measures
examined under the National Flood Insurance
Program regulations for Scenarios 1, 2, or 3
could have changed (icreased or decreased) the
snrount of flood insnrmrce payouts made after
the 1993 flood event. CELL N3, es another
exsmple, should identi~ how the establishment
of a uniform 25-year height for sll egrictdtural
levees wtdd have changed (icreased or de-
creased) the cmp losses that were experienced
when cempared with the actual 1993 crop losses.

The evaluation frmrrework, es represented by
the two senrple matrix tables, proved to be very
useful in identi&ing a wide range of issues that
need tn be examined when changes in the poli-
cylprogrenr scenario measures or the sction
alternatives are considered. The matrix tables
assisted in stmcturing a consistent mraIysis for
many floodplain management issues and in
focusing research and data collection to mrswer
specilic questions,

As the evaluation proceeded, it became clesr
that, for many individual cells, data was not
aveilable nr obtainable that would help establish
what specific chenges in impacts could be ex-
pected if the verious scenario meuanres or action
alternatives were to be implemented. In a
number of instsnces, however, the connections
between scenmio meeauras or action alternatives
with changes in impacts of potentially greatest
significance were able to be better understood.

Clearly, a great deal more research and data
ccdlection would be required to fully evahrate the
many importerrt floodplain management issues

that arise horn this evaluation framework. This
assessment represents only a start.

More. deteils of the components of the
evaluation framework end process arc provided
in the sections which follow.

4-2



T
A

B
L

E
4–

1
E

V
A

L
U

A
T

IO
N

T
A

B
L

E
–

S
C

E
N

A
R

IO
C

A
T

E
G

O
R

IE
S

(F
L

O
O

D
P

L
A

IN
S

C
E

N
A

R
IO

__
__

__
__

)
A

B
c

D
E

F
G

H
I

J
IB

as
e

C
o

n
d

B
as

e
C

o
n

d
N

at
io

n
al

I
S

ta
te

I
L

o
ca

l
R

el
o

ca
ti

o
n

,I
D

is
as

te
r

F
lo

o
d

p
la

in
I

A
g

ri
cu

lt
u

ra
lll

S
ig

n
if

.
IM

P
A

C
T

C
A

T
E

G
O

R
IE

S
[A

ll
D

is
as

te
r

C
o

u
n

ti
es

]
[F

lo
o

d
p

ln
Im

p
ac

ts
]

F
lo

o
d

In
s.

P
ro

g
ra

m
R

eg
s.

F
ld

p
ln

.
M

g
m

t.
&

Z
o

n
in

g
F

ld
p

ln
.

M
g

m
t.

&
Z

o
n

in
g

M
it

ig
at

io
n

P
ro

g
ra

m
s

R
el

ie
f

P
ro

g
ra

m
s

W
et

la
n

d
R

es
to

r.
P

ro
g

.S
u

p
p

o
rt

P
o

lic
ie

s
F

in
d

in
g

s

E
C

O
N

O
M

IC
($

00
0'

S
F

lo
o

d
D

am
ag

es

1
R

es
id

en
ti

al
(U

rb
an

)

2
O

th
er

(U
rb

an
)

3
A

g
ri

cu
lt

u
ra

l

4
O

th
er

R
u

ra
l

C
h

g
.I

n
G

o
vt

.
E

xp
en

d
.

5
E

m
er

g
en

.
R

es
p

.
C

o
st

s

6
D

is
as

te
r

R
el

ie
f

(A
g

ri
c.

)
7

D
is

as
te

r
R

el
ie

f
(H

u
m

an
R

.)
8

F
lo

o
d

In
su

ra
n

ce
(N

F
IP

)

9
F

lo
o

d
In

su
ra

n
ce

(F
C

IC
)

C
h

g
.V

al
u

e
o

fF
P

R
es

o
u

rc
es

10
N

et
A

g
R

E
V

al
u

es

11
N

et
U

rb
an

R
E

V
al

u
es

E
N

V
IR

O
N

M
E

N
T

A
L

N
at

u
r.

R
es

o
u

r.
(#

ac
re

s)

12
N

o
n

-F
o

re
st

ed
W

et
l.

(a
cr

es
)

13
T

h
re

at
.

&
E

n
d

an
g

.
(#

/O
cc

.)

14
F

o
re

st
(a

cr
es

)

N
at

u
ra

l
F

ld
p

ln
.

F
u

n
ct

io
n

s

15
F

ld
p

ln
.

in
u

n
d

at
ed

(a
cr

es
)

C
u

lt
u

ra
l

16
A

rc
h

eo
l

Im
p

ac
ts

(-
5

to
+5

)

16
A H

is
tS

ite
s

(-
5

to
+5

)

O
p

en
S

p
ac

e

17
P

u
b

lic
la

n
d

s
(a

cr
es

)

1
8

R
ec

re
at

io
n

si
te

s
(#

)

R
E

D
U

C
T

.
O

F
R

IS
K

C
ri

ti
ca

l
F

ac
ili

tie
s

19
#

F
ac

il.
w

/h
ar

m
fu

l
re

le
as

es

20
#

o
th

er
cr

iti
ca

l
fa

ci
lit

ie
s

P
ro

t.
/A

vo
id

.
o

fH
ar

m

21
#

p
eo

p
le

vu
ln

er
ab

le

S
o

ci
al

W
el

lB
ei

n
g

22
#

co
m

m
u

n
it

ie
s

vu
ln

er
ab

le
23

#
re

si
d

en
t.

st
ru

ct
.v

u
ln

er
ab

le

IM
P

LE
M

E
N

T
.

C
O

S
T

S

24
S

tr
u

ct
u

ra
l

C
o

st
s

O
th

er
C

o
st

s
2

5
[1

]
E

co
n

o
m

ic
im

p
ac

ts
co

lle
ct

ed
o

n
ly

at
th

e
co

u
n

ty
le

ve
l

F
ile

:s
ce

n
fe

a2



T
A

B
LE

4-
2

E
V

A
LU

A
T

IO
N

T
A

B
LE

-S
U

M
M

A
R

Y
O

F
A

C
T

IO
N

A
LT

E
R

N
A

T
IV

E
S

A
B

K
L

M
N

O
P

Q
R

S
T

U
V

W
A

C
T

IO
N

A
L

T
E

R
N

A
T

IV
E

S
A

F
F

E
C

T
IN

G
H

Y
D

R
A

U
L

IC
C

O
N

D
IT

IO
N

S

IM
P

A
C

T
C

A
T

E
G

O
R

IE
S

B
as

e
C

on
d

[A
ll

D
is

as
t

C
ou

nt
rie

s]

B
as

e
C

on
d.

[F
lo

od
pl

n.
Im

pa
ct

s]

A
G

R
IC

U
LT

U
R

A
L

LE
V

E
E

S
Li

m
ite

d
F

ld
.F

ig
ht

in
gR

em
ov

e
S

et
B

ac
k

[V
ar

ie
d]

U
ni

fo
rm

H
t.

[2
5

-Y
R

.]
R

ai
se

U
R

B
A

N
LE

V
E

E
S

[5
00

-Y
r.

]

C
R

IT
IC

A
L

F
A

C
IL

IT
IE

S
U

P
LA

N
D

R
E

T
E

N
T

IO
N

/W
A

T
E

R
S

H
E

D
M

E
A

S
U

R
E

S

[5
00

-Y
r.

]
[P

rio
rit

y]
[5

00
-

Y
r.

]
[A

ll]
W

ith
ou

t
R

es
er

vo
irs

A
dd

ed
R

es
er

vo
irs

R
ev

is
ed

O
pe

ra
tio

n
R

un
of

f
R

ed
.

[D
ec

r.
5%

]
R

un
of

f
R

ed
.

[D
ec

r.
10

%
]

E
C

O
N

O
M

IC
($

00
0'

s)

F
lo

od
D

am
ag

es
1

R
es

id
en

tia
l

(U
rb

an
)

2
O

th
er

(U
rb

an
)

3
A

gr
ic

ul
tu

ra
l

4
O

th
er

R
ur

al
C

hg
.i

n
G

ov
t.

E
xp

en
d.

5
E

m
er

ge
n.

R
es

p.
C

os
ts

6
D

is
as

te
r

R
el

ie
f(

A
gr

ic
.)

7
D

is
as

te
r

R
el

ie
f

(H
um

an
R

.)
8

F
lo

od
In

su
ra

nc
e

(N
F

IP
)

9
F

lo
od

In
su

ra
nc

e
(F

C
IC

)
C

hg
.V

al
ue

of
F

P
R

es
ou

rc
es

10
N

et
A

g
R

E
V

al
ue

s

11
..

N
et

U
rb

an
R

E
V

al
ue

s

E
N

V
IR

O
N

M
E

N
T

A
L

N
at

ur
.

R
es

ou
r.

(#
/O

cc
.)

12
N

on
-F

or
es

te
d

W
et

l.
(A

cr
es

)
13

T
hr

es
t.

&
E

nd
an

g.
(#

/O
cc

.)

14
F

or
es

t
(a

cr
es

)
N

at
ur

al
F

ld
pl

n.
F

un
tio

ns

15
F

ld
pl

n.
in

un
da

te
d

(a
cr

es
)

C
ul

tu
ra

l

16
A

rc
he

ol
Im

pa
ct

s
(-

5
to

+
5)

16
A

H
is

t.
S

ite
s

(-
5

to
+5

)
O

pe
n

S
pa

ce

17
P

ub
lic

la
nd

s
(a

cr
es

)

18
R

ec
re

at
io

n
si

te
s

(#
)

R
E

D
U

C
T

.
O

F
R

IS
K

C
rit

ic
al

F
ac

ili
tie

s
19

#
F

ac
il.

w
/h

ar
m

fu
l

re
le

as
es

20
#

ot
he

r
cr

iti
ca

lF
ac

ili
tie

s

P
ro

t./
A

vo
id

.
of

H
ar

m

21
#

pe
op

le
vu

ln
er

ab
le

S
oc

ia
l

W
el

lB
ei

ng
22

#
co

m
m

un
iti

es
vu

ln
er

ab
le

23
#

re
si

de
nt

.
st

ru
ct

.v
ul

ne
ra

bl
e

IM
P

LE
M

E
N

T
.

C
O

S
T

S
24

S
tr

uc
tu

ra
l

C
os

ts

[1
]

E
co

n
o

m
ic

Im
p

ac
ts

co
lle

ct
ed

o
n

ly
at

th
e

co
u

n
ty

Ie
ve

l
F

ile
.A

lt
er

su
m

25



Imgact Categories

The impact categories were applied in the
evahrationofalltbe alternatives being exmnined
in the FPMA. THEY SERVE AS TARGETS
TO FOCUS FLOODPLAIN RELATED DATA

COLLECTION AND THE MEASUREMENT
OR ESTIMATESOF POTENTIAL IMPACTS
that result from implementation of the nltema-
tives. For some impact categories such as
Natural Resources, lmrd use is the irrdicatorof
changes (impacts) in floodplain outputs. For
other impact categories such es Flood Disaster
Relief, dollars expended asarcsult of the 1993
flood event is the indicator of chmrges (impacts)
in the floodplain outputs.

The basis for estimating changes in impacts
is to compare, for each impact category, the
1993 land use (wetlands, open space, etc.) or
flood impacts (floedplaia related damages,
losses, etc.) with what would have exist-
ed/occurred in 1993 if any given alternative
(Scenario Measure or Action Alternative) had
been in place at the time of the flooding. It is
this estimate of incremental change in each of
the impact categories that is the focus of the
analysis for each alternative.

The definitions of the impacts being used to
evaluate chmtges from one alternative to mrother,
when compared ageirrst tbc 1993 base condition,
are provided below.

ECONOMIC

Flood Demafres

1) URBAN RESIDENTIAL: The chmrge in
estimated damages due to overbmrk flooding
(i.e., within the floodplain) tn stmchrrcs used for
housing and their contents, as measured irr
dollars,

2) OTHER URBAN: The chcnge in estimat-
ed damages to all other structures due to
overborrk flooding, including commercial mrd
industrial, public facilities, transportation facili-
ties, end utilities, as measured in dollars.

3) AGRICULTURAL: The change in esti-
mated damages to agricultural crops due to
overbank flooding, as measured in dollars.

4) OTHER RURAL: The chmrge in estimat-

ed damages te farm mrd other rural buildings end
land lnsses, es measured in dollars.

~

5) EMERGENCY RESPONSE COSTS: The
change in estimated costs at all levels of govern-
ment in prcparirrg for mrd responding to CD
extreme tlood event (e.g., the 1993 event) as it
occurs, as measumd in dollars.

6) DISASTER RELIEF (Agricultural): The
chmrge irr estimated costs at ‘W levels of gover-
nment (and private relief agencies) irr providing
aid for agricultural losses after an extreme flood
event, as m eesured in dollars.

7) DISASTER RELIEF (Human Relations):
The change in estimated costs at all levels of
government (end the private relief agencies) in
providing aid to individuals, businesses, mrd
communities for recovery after an extreme flood
event, as measured in dollars.

8) FLOOD lNSURANCE (NATIONAL
FLOOD INSURANCE PROGRAM (NFIP)):
The chmrge in estimated costs of the Federal
Government in making whole the flood insur-
ance funds in cases where the claims paid ex-
ceed the premimns received tkom policyholders,
as measured in dollars. For this assessment,
total NFIP payouts were used as the 1993 flood
base condition; the “net increase” cost to the
Government for sustaining the fond was not
identified.

9) FLOOD INSURANCE (FEDERAL CROP
INSURANCE CORPORATION (FCIC)): The
change in estimated costs of the Federal Gover-
nment in making whole the crop insurance funds
in cases where the claims paid exceed the premi-
ums rweivcef from policyholders, as measured in
dollars. For this assessment, total FCIC payouts
were used es the 1993 flood base condition; the
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“net increase” eust to the Government for sus-
taining the fund was not identified.

Charme in Value of Flooddain Resources

10) NET AGRICULTURAL REAL ESTATE
VALUES: The net change in the values of real

estate used for agriculture, as measured irr dol-
lars.

11) NET URBAN REAL ESTATE VAL-
UES: The change in values of urban real estate
resulting from alternative use of undeveloped
urbmr floodplains, es measured in dollars.

ENVIRONMENTAL

Floods in modified floodplain-river systems
cmr have negative effects on the environment
because of changes in amplitude or timing.
However, floods am the major driving variable
that allows exchanges of nutrients, organic
matter, mrd organisms between floodplains and
rivers; floods, consequently, do not typically
have negative impacts on the natural environ-
ment. Although there are m my known functions
and values of floodplains that would be extreme-
ly valuable to measure and evaluate quantitative-
ly, mmry of these would require detailed invento-
ry mrd in some cases basic research that is
beyond the scope of this assessment. To reduce
the number of potential environmental variables
to a reasonable but representative set, the FPMA
considered land use as the main base condition

mrd impact variable. Four general areas of
environmental variables were used tO assess the
impacts of structural end nonstructural floodplain
management activities relative to the 1993 flood:
natural resources, cultural resources, natural
floodplain functions, mrd open space.

Natural Resources

12) NON-FORESTED WETLANDS: Acres
of non-forested wetlands in the floodplain in-
cluding emergent and shmb/scrub wetlands
(determined from National Wetlands lnvento~
data or as classified from Lmrdsat imagery).
Forested wetlands are captured in the “forest”
category.

4-6

13) THREATENED AND ENDANGERED
SPECIES: The number of species and the
number of occurrences includiag both Federal
arrd State listings. Occurrence is defined iu
accordance with the State Natural Heritage

databases.

14) FOREST: Acreage of riparian and
upland forest kinds withirr each study reach.
Forested wetland and upkad forest were com-
bined because the databases used to provide this
information did not consistently differentiate
between these forest types.

Natural Floodplain Functions

As discussed in Chapter 3, natural
floodplains pruvide a wide variety of functions
mrd related outputs. Many of these functions am
not easily qumrtflable, especially at the scale
arrd detail under consideration by the FPMA.
They we also not fully taken into accmrnt simply
by considering = of “natural” resources,
because the hydroperiod of the floodplain, which
includes its duration, intensity, and timing, is the
ultimate determinant of the river-floodplain
ecosystems structure and function. Wetkad
areas located behind levees, for example, are
disconnected from the flood pulse and the lateral
linkage between floodplain and river. However,
wetlands kmdward of a levee cmr receive water
from other sources, such as bluff toe seeps,
highwater table, or overland drainage, In some

cases, old oxbow lakes, in fact, are believed to
be best left disconnected because of negative
impacts of sediment deposition end increases in
turbidity. To take into account the areas that
may be atTccted by changes in the flood pulse,
the total acres of inundated floodplain were
determined to provide err irrdex to the amount of
“connection” between the floodplain and the
river. It is assumed that the greater the amount
of floodplain inundated, the more likely that
natural processes are taking place (e.g., orgmric
matter import/export, fish spawning in backwat-
ers, natural sediment transport, etc.).

15) FLOODPLAIN INUNDATED: The
change in the acreage of the total floodplain
subjcet to overbank flooding,



Cultural Resources

These categories include impacts on archeo-
logical nnd historic sites, including those listed
on the National Register of Historic Places and
those not listed. Because a systemic databme of
known historic and archeological sites was not
available, the base condition and chenges from
the base were measured as an index on a scale
of -5 to +5. Three categories of effects on
cultural resources were measured: 1) the effect
of the 1993 flood; 2) the effect if vmious pro-
grams, policies, and action alternatives had been
in place at the time of the 1993 flood; and 3) the
effect of implementation. In the Cultural Re-
sources Impact Matrix Cells, the first number
represents the chmrge from the buse condition of
a similar magnitude flood following implementa-
tion of the policy or alternative, and the second
number (in parentheses) reflects implementation

effects.

16) ARCHEOLOGICAL IMPACTS: The
degree and nature of the potential impacts will
be described rated on a scale of -5 to +5.

16A) HISTORICAL SITES: The degree and
nature of the potential impacts will be described
rated on a scale of -5 to +5.

Ouen Suace

17) PUBLIC LANDS: Public land included
under the category of “Open Space” includes
wildlife m auagement areas, wildlife refuges,
natural areas, State and national forests nnd the
like. The base urea presented includes the entire
unit, even if only a portion of the unit falls
within the study boundary.

18) RECP.EATION SITES: The number of
sites designated primarily for recreational use.
This includes the number of Federul, State, and
local purks, and public use areus. State und
national forests have been included because they
provide significant recreational opportunities.

REDUCTION OF RfSK

Critical Facilities

19) NUMBER OF FACILITIES WITH
HAZARDOUS MATERIALS AT RISK. The

change in the number of facilities dealing with
hazardous or toxic materials that could imme-
diately harm people or the environment if ex-
posed to flooding. These facilities or sites
include:

i, Superfiund sites
ii. Landfills
iii. Hazardous waste facilities
iv. Petrochemical plants and major pipeIines

20) NUMBER OF OTHER CRITICAL
FACILITIES AT RISK: The change in the
number of other futilities providing essential
public services that are potentirdly exposed to
flooding. These facilities and sites include:

i. Sewage treatment plants
ii, Pnwer plants
iii. Water treatment plants, water well fields,

and major water supply intakes
iv. Municipal und industrial NPDES (Na-

tional Pulluttmt Dischurge Elimination
System) sites

v, Major power utility substations
vi. Communications equipment und related

antennas (television, radio, end telephone
services)

vii. Hospitals und group homes for mobility
impaired

viii, Public service buildings (i.e., schools,
post offices, police stations, and tire
departments)

ix. Prisons
x, Majur airpofis
xi. State or Fcderd bridges

xii. Militmy bases

Protection of or Avoidaace of Harm to Peoule

21) NUMBER OF PEOPLE AT RISK: The
change in the estimated number of people who
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arc vulnerable to flooding in the upper Mississip-
pi and lower Missouri River Basins.

Socisl Well-Being

22) NUMBER OF COMMUNITIES AT
RISK The change in the estimated number of
communities that tare vulnerable to flooding in
the upper Mississippi River and lower Missouri
River Beains.

23) NUMBER OF RESIDENTIAL STRUC-
TURES AT RISK: The change in the estimated
number of residential structures that arc vulnera-
ble to flooding in the upper Mississippi River
and lower Missouri River Baains.

IMPLEMENTATION COSTS

24) STRUCTURAL COSTS: Estimate of
costs directly related to the construction of the
flood control feature, including real estate for the
structure itself, but not other real estate costs.

25) OTHER COSTS: Estimates of costs to
implement the alternatives, not including the
structural costs, such as acquiring interests in
real estate atTected or egcncy administrative
costs.

Floodtdain Policv and Promam Chances
[Scenarios]

Scenario meaaures (policy end pregranr
chmrges) are in many ceaes quite diffkult to
evaluate. They require judgments to be made
concerning the behavioral responses that might
be linked to changes in such pmgrsms aa flood
insurance, zmring practices, disaater relief mrd
flood hazard mitigation, or agricukural incen-
tives. Databases arc not often available at a
level of detail that would be needed to muke
estimates of possible changes in impacts with a
high degree of cotildence. In some cases, the
right rcseamh questions ram tin to be asked
before reasonable answers can be obtained.

Although severof concepts for projecting
changed conditions, either from the past to the
present or from the pmaent into the future, were
discussad, the approach that wss applied in-
volves estimating the environmental, economic,
and social impacta that could have resulted had
the revisions to the policies sod programs been
in effect at the time of the 1993 flood. This
provides some degree of familiarity, given the
widespread firstheod experience with the 1993
flood. It also maintsins consistency with the
hydraulic modeling rationaIe, which is based on

a UNET model calibrated to the 1993 flood and
provides the means by which the impact assess-
ments of the ection alternatives were completed.

Combining a number of these policy and
pregram changes into a package of meesuras
constitutes a “SCENARIO.” Scenarios serve
several purposes. They offer contmating visions,
showing where alternative floodplain manage-
ment philosophies could lead. Policy/progrsrn
meaaures considered in this msessment range
from relatively modest changes to the status quo
to substantially greater efforts to enhance the
natural resource attributes of floodplains while
emphasizing avoidance of flood risks. Three
scenurio “packages” were devised in ms attempt
to lend some coherence to a series of policy and
pmgrmu proposals that in tandem could result in
significant changes to the status quo.

Each of the three scenarios contains at least
one meaaurc. from each of the seven policy mrd
program categories. The scenarios are LIMITED
in several ways, however, which am important to
understand. The scenarios DO NOT comprise a

uniform series of meaaures fmm one scc.mwio to
mother. Therefore, it is inappropriate to at-
tempt to cempare scenario impacts one te anOth-
er. A scenario is merely the label or shell under
which individual measures in the seven policy

and pmgrmn categories have been placed. It is
much more important to examine the impacts of
the individual meaaures which comprise the
scenarios.
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Scenarios DO NOT contsin the action alter-
natives. Action skematives sm evsfrmted sepa-
rately based on use of the systemic UNET
model.

An unlimited nrrmber of scenarios could be
devised based on the countless combinations of
45 measures that have been identified for eunsid-
emtion, as discussed in Chapter 6. Scenm-ios do
not constitute implementable phrrs, nor has an
attempt been made to “optimize” or otherwise
develop one “best” scenario. Neither hss mrely-

sis of the synergistic effects of cembining mea-
sures within a scensrio, or across scenarios, been
accomplished. Tire evaluation frsmework en-
eeuruges further thought end research along
these lines, perhaps, but teking this step went
beyond what could be accomplished by this
assessment.

A substrmtiel emount of work has been com-
pleted in reviewing individual messures within
the seven policy mrd progrem categories which
comprise the scenarios. Chapter 7 of this report
rmd Chapter 3 of the Evaluation Appendix
(Appendix B) present the research mrd snrdysis
related to these measures, The outcome of these
evaluations, and findings which have been
developed, are based on impact assessments of
the meesures and the pulicy/prograrn categories
themselves, and are NOT closely related to any

of the scenarios.

Action Alternatives Affeeting Hydrologic and
Hvdraulic Conditions

For setions such ss chsnges in levee con-
figurations, reservoir operations, mrd other
watershed retention mrd m rmagement measures,
hydraulic modeling has been completed, using
the 1993 event, to develop and compare a mege
of water flow and stage conditions in the rivers.
These conditions were analyzed fur potential
environmental, economic, and sucial impacts.
For a limited nmrrber of actions, systemic UNET
modeling uf the entire river network was aecom -
plished. These include agricultural levee remov-
al; setbacks; uniform 25-yeer height; rsises to

cuntsin the 1993 flood; no reservoirs; and 5 and
10 percent runoff reductions. For other sctions,
modeling wes completed to ellow analysis of
potential impscts for specitied reaches (%npsct
reaches”) of the rivers. Modeling the 1993 event
was defined by the ectuel levee height, inchrdmg
fluod tight efforts end levee bresches.

The 1993 flood event vsried in likelihood of

recmrence slung the lower Missuuri and upper
Mississippi Rivers. Using the 1993 flood event

allowed assessment of both large errd small
events within the strrdy area. It is expeeted that
the hydraulics and hydrology mudels developed
ss a psrt of this effort will be useful in other

applications for future ramlysis,

Application of the UNET model in mrslyzing
the hydrulogy and hydraulics of the actiun
alternatives is discussed in Chapter 8 snd in
Appendix A, Impact assessments of the action
sftematives are presented in Chapter 9.

Summarv of Evaluation Process

The above description of the evaluation
framework cmr be summarized in stating that
three primmy components am being used to
quanti&, where possible, the relative impsets of
a wide array of alternative floodplain manage-
ment philosophies mrd flood control messures.

The three components are policy and program
scenario measures; action alternatives; and
assessment of impacts.

furpscts are being evsluated assuming 1)
changes in the policy snd prugram messures
comprising the three scenurios had been in place
at the time of the 1993 flood; and 2) separately
assuming vsrious action alternatives (such as all
sgriculterel levees remuved) had been in place at
the time of the 1993 flood. Initiafiy, it was
thought that packaging policy and progrenr
measures tugetber would enable the FPMA teem
te consider combinations of hydraulic related
sctions and floodplain policy related changes.
This assessment developed mr evaluation thnre-
work that should sssist in making such en evelu-

4-9



ation process possible. However, it did not take
the enalysis to the point of tempering combina-
tions of multiple ection eltematives or combined
ection eltematives with chenges in policy end
program meesures,

An essential point highlighted by the evalua-
tion framework and process is that responding to
floodplain mnnegement issues needs to include
consideration of SYSTEMIC ss weIl es locrdized
effects, whether thrmrgh policy and program
changes or by actions efTecting hydrologic rmd
hydrmdic cberacteristics within the upper Missis-

sippfloww Missouri River Besins.
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CHAPTER 5- ESTABLISHING BASE CONDITIONS FOR EVALUATION

Introduction

This chapter presents the 1993 flood base

condition information and data, for each of the
five Corps District oftkes, that hnve been devel-
oped and used as part of the evaluation process
completed for this assessment. This data has
been summarized for the impact and resource
categories established in the evaluation frame-
work matrix table via “cell” entries shown in
Columns A and B. Column A covers all Federal-
ly declared disaster counties within the upper
Mississippi and lower Missouri River Basins.
Column B covers the roughly 120 counties that
are adj scent to the main stem rivers and several
of their major tributaries. The base condition
values for Columns A and B for the tive-District
baain area am shown in Table 5-1.

Summary tables showing base conditions and
action alternative impacts for each of the five
Districts are located at the end of Chapter 9,
They follow the analyses of the action altern-
atives that are presented in that chapter.

Highlights of existing floodplain resources

and base condition impacts from the regional
perspective were introduced in Chapter 3 of this
report. This chapter will present in more detail

the significant impacts from each District for the
1993 flood that were important in establishing a

base condition for this assessment.

Aside from flood damages experienced by
transportation facilities, this assessment did nOt
examine the dismption losses experienced by the
barge indus~ or other transportation modes.
Locks on the upper Mississippi River from Lock
and Dam 3 to Lock and Dam 27 aIl were closed
at some point during the summer flood event.
Lock nnd Dam 24 was closed for 55 consecutive
days from June 29 to August 22. Summaries of
the flood event us it pertains to navigation are
included in the Corps of Engineers Main Report

of The Great Flood of 1993 Post Flood ReuoIt,

5-1

and in the Economic Damage Data Collection
Report prepared by the Lower Mississippi Valley
Division (LMVD). The Galloway Report cited

Maritime Administration estimates of revenue
losses at $300 million per month during the

period of lock closures.

Omaha District Base Conditions

Omaha District includes 112 counties in the
six States of North Dakota, South Dakota, Ne-
braska, Minnesota, Iowa, and Missouri, that were
presidentially-declared flood disaster counties in
1993, These counties make up the overall base
for evrduating flood impacts.

The Missouri River basin contains numerous

reservoirs and impoundments constructed by
different interests for flood control, irrigation,

power production, recreation, and water supply.
The most significant of these structures have
been constmcted by the Corps of Engineers and
the Bureau of Reclamation. Although construct-
ed primarily for irrigation and power production,
the projects constmcted by the Bureau provide
some limited flood control in the upper basin.
The most significant flood control projects
constructed within the baain arc the six main
stem Missouri River dams constructed by the
Corps. The six dams, completed by 1964,

provide flood protection by controlling runoff
from the uppermost 279,000 square miles of the
Missouri River Basin, The system has a total
combined capacity in excess of 73 million acre-
feet, of which more than 16 million acre-feet is
for flood control. Gavins Point Dam, located
near Yrmkton, South Dakota, is the most down-
stream of the projects.

For the purposes of the Floodplain Manage-
ment Assessment (FPMA), modeling efforts were
contlned to the reach from Gavins Point Dam to
Rule, Nebraska, within the Omaha District. Of
the 25 counties contingent to the Missouri River
below the Gavins Point Dam and above the
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Omeha District boundmy neer Rule, 19 were
nmong the 1993 presidentially-declared flood
disaster counties. These 19 counties are the
Omaha District “impact counties.” The base
impacts to these counties make up the bnseline
against which hydraulic end hydrologic altern-
atives have been modeled. For purposes of this
analysis, county-wide impact information for
Holt County, Missouri, and Richardson County,
Nebmska, has been allocated between Omaha
and Kensss City Districts, with Omaha claiming
81 percent of Richardson County and 24 percent
of Holt County. All other county impacts are
addressed as county totals.

Missouri River Levee System - Omnha District

The Missouri River levee system was autho-
rized by the Flood Control Acts of 1941 and
1944 to provide protection to agricultural leuds
and communities along the Missouri River from
Sioux City, Iowa, to the mouth at St. Louis,
Missouri, The levees were designed to operate
in accord with the six mnin stem dams. The

extent of the levee system within the Omaha
District consists of intermittent levee units on

both benks from near Omaha, Nebraska, to Rule,
Nebraska. There are no Federal levees from
Gavins Point Dam to the Omaha, Nebraska-
Council Bluffs, Iowa, erea. Although many
Federal levees were proposed on the reach north
of Omnha, Nebrnska, afong the Missouri River,
none have been built due to the significant
protection provided to this reach by the Missouri
River main stem dams. Degradation of the

channel bottom, over time, has further reduced
the necessity for levees in this reach. The
majority of the area plmmed for protection by

Federal levees, notih of Omaha, Nehrnska, is
protected by private or non-Federal levees with

verying degrees of protection.

The Federal levee system starts in Douglas
County, Nebraska, protecting Omaha, and in
Pottawattemie County, Iowa, protecting Council
Bluffs. These urban levees were not threatened
by the 1993 floods. Levees were constructed
downstream of Omaha to Rule, Nebraska, which

protect agriculture and severnl very small towns.
All of the levee units on the Missouri River were
designed to operate in conjunction with the six
main stem dams to reduce flood damages as part
of the Pick-Sloen plan. Federal levees were
constructed in the 1950’s end are usuafly set
back from the riverbrmk 500 to 1,500 feet.
Fedemf levees cover the let? bmrk fmm river
mile (RM) 515.2 to RM 619.7. Levees on the
right bank am intermittent since the river is often
neer the bluff. Totsl Federal levee length is
estimated at 191 miles in the reach from Omaha,
Nebrnska (RM 615.9) to Rule, Nebraska (RM
498. l). The 191 levee miles may be subdivided
as 133.5 miles along the main stem Missouri
River and 57.5 miles of levee tiebacks.

Following levee construction nnd chute clo-
sure, deposited sediment filled many ereas
riverwnrd of the Federal levees. Farming of
these areas becmue extensive. To prevent crop

dmnages caused by normnl high flows on the
Missouri River, farmers constructed secondmy
levees at or near the riverbank. Many of the
secondmy private levees tie directly into the
Federnl levees. Private levees have also been
constructed along the riverbcmk in areas where
Federal levees were not constructed. The left
hauk reach from RM 515.5 to RM 498.1 near
Rule, Nebraska, is protected solely by private
levees.

Overall, the federally constructed levees
performed very well in the 1993 flooding. As a
result of the extremely high flows, ell Federal
levees from unit L-575 downstream to unit R-
520 experienced some overtopping either on the
main stem or a tieback levee. Overtopping was

generally over a short levee section with limited
depth and duration. The design event of most
Missouri Rher Federal levees was significantly
exceeded during 1993. Within the Omaha to
Rulo reach, a single Missouri River Federal
agricultural levee, unit L-550, breached during
the 1993 event.
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Since construction of Federal flood ~Ontiol
projects along the Missouri River, significant
change has occur-red in channel conveyance as a
result of aggravation and degradation. Numer-
ous studies have been conducted by the Omaha
District to quantify Missouri River geometry

chrmges. Results of these studies have deter-
mined a general upwnrd shift of the stage-dis-
charge relationship. For the period 1952 to 1989
and using a discharge of 100,000 cubic feet per
second, the Missouri River Chmmel Cauacity

S!udY, August 1992, determined a stage rise of
2 feet at Omnha, Nebraska, a 3-foot rise at
Nebraska City, Nebraska, rmd a 3-foot rise at
Rule, Nebraska. Comparison of rating curves
illustrates a general upward rise at all discharges
during the past 30 to 40 years.

The 1984 Missouri River flood event
prompted a study to evaluate the adequacy of the
Missouri River levee system from Omnha,
Nebraska, to Ru1o, Nebraska, The study investi-
gated both the dischnrge-frequency nnd stage-
discharge relationships on the Missouri River.
Study results determined that the existing level
of protection is much less tbrm originally de-
signed. With 2 feet of freebowd, several Federal
levees now provide less than a 50-year level of
protection. The present Ievel of protection
provided by these levees is unknown,

In spring 1995, Omaha District surveyed
floodplain cross sections on both the left and
right bnrrks at three separate locations, Cross
sections were surveyed along the alignment of
cross sections which had been previously sur-
veyed in the 1970’s. The purpose of the survey
was to compare elevations in the current condi-
tion with the previous condition. Comparison
showed a general aggradational trend in the
floodplain which varied from 1 to 3 feet. Al-
though no computations were performed to
quantify the effect on flow, the comparison
indicates that further rises in tbe stage-discharge
rating curve have occurred in the past 20 years,

Critical Facilitv Investigation

Accurately defining the level of protection of
any criticel facility along the Missouri River
would require a detailed risk assessment employ-
ing hydrologic, geotechnical, and other compo-

nents, Arr evaluation of this extent was not
conducted for mry criticnl facility site within the
Omnha District. A brief investigation was

conducted of the current level of protection mrd
access concerning the Cooper Nuclenr power
plant. The Cooper Nuclenr power plmrt is
located on the right bmrk of the Missouri River
at approximately RM 532.4 which is 2.8 river
miles downstream of the Brownsville bridge. On
the weekend of July 24, 1993, a record crest of
the Missouri River overtopped a levee 2.5 miles
north of the U.S. Highway 136 Brownsville
bridge. Access to the area was limited, as many
local roads, State highways, nnd Interstate 29 all
were closed for periods of several days.

Federal levee unit R-548 is located on the
right bank of the Missouri River between RM
528 and RM 534 and protects the Cooper Nucle-

ar power plant area. The upstream tieback
extends to high gronnd south of Brownsville nnd
the downstream tieback extends up the Little
Nemaha River nnd minor tributaries, In 1984,
peak stages were within 3 to 4 feet of the levee
top. In July 1993, overtopping occurred along
the tieback levees. The technical summary
report Adeauacy of Missouri Levee .%stem,
prepared by Omaha District Engineering Divi-
sion, April 1986, ident~led the level of protec-
tion for the R-548 levee unit as 20- to 50-yem
protection with 2 feet of freeboard. Several
other Federal levees between Omnha nnd Rulo
also have less than a 100-yenr level of protec-
tion, which may have m impact on criticnl
facilities in these areas.

The base facility elevation at the Cooper
Nuclear power plnnt is 903.5, This elevation is

approximately 1 foot above the adjacent Federal
levee and 2.5 feet above the penk stage for the
1993 event. Penk stage was reduced at the
Cooper Nuclear site as a result of the L-550
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levee breach which occurred on the opposite
bank of the Missouri River approximately 4
miles upstream. Flood frequency for the 1993
event at the Cooper Nuclear site was estimated
as a 50- to 100-year event.

The 1993 event generated several concerns
with regard to Cooper NucIenr power plant
safety. Access to the plant during floods is a
function of the R-548 levee unit integrity. The
1993 event demonstrated that access to the
Cooper Nuclear site is not possible during major
flood events, as much of the iaterinr R-548 levee

area had pending which inundated access roads.
If levee failure occurs, pending depths within the
R-548 levee unit are detemriaed by river stage
and levee breaching parameters. Effects such as
levee breaching at an upstream location aad
wind/wave run-up could cause additional increas-
es in pending elevations. The 1993 event and
the levee adequacy study conducted by Omaha
District both demonstrated that the R-548 levee
provides less than a 100-year level of protection.
The 1993 event indicates that further investiga-

tion of protection provided by Federal levees aird
their tiebacks to critical facilities and especially
to the Cooper Nuclear power plant below
Brownville, Nebraska, is warranted.

Omaha District Evahration Methodology

In all cases, unless noted, economic impacts
are based on county totafs. Environmental
impncts are for resources within the floodplain
only, Basefiie economic damages are based
Iargely on the Corps of Engineers Post Fiend
Data Collection database.

Plate 5-1 shows the overbaak flooding area
taken from aerial photographs. The brown area
is the main channel mrd areas where the levees
failed, The yellow areas are where there was
pending behind the levees as well as overtopping
but nonfailure. The tan areas are where the
levees did not overtop but there was still consid-
erable crop damage due to interior pending.

The residential, commercial, industrial, aad

institutional stmcturc damages for the overtmak
flonding for the base mrd for each aftemative
were obtained from existing laud use data,
UNET modekd stages, existing Omaha stage
damage curves for activity types, aad the Omaha
District Damage Model. Agricultural damages
and changes in number of critical facilities
impacted from the overbaak wero obtained using
UNET generated flood area boundaries and
Geographic Information System (GIS) generntrd
Missoari River Basin Atlas land use. An exnm-
ple of the level of detail available &em the
Missouri River Basin Atlas is shown on plate 5-
2. The acreage totak for the listed types of had
use for the overbnak and interior pending ama
and percentages of total are listed in table 5-2

The numbers should be used as order of

magnitude numbers for eompa.risons. The true
agricultural loss, for example, could not be
defined precisely without a more encompassing
anafysis of production investment and returns by
area and of pricing and subsidy data.

Omaha District Baseline Economic Impacts

For the base of 112 counties, over $654

million in damages was estimated fnr agriculture
and other nmd. This makes up over 75 perceat
of the damages for Omaha District based on
extrapolated data. There was nearly $502 mil-
Iion ia disaster relief for agriculture i%em the
Agricultural Stabilization and Conservation
ScrviW (ASCS) mrd the Farmers Home Adminis-
tration (FmHA) and from Federal Crop Insaraace
Corporation (FCIC) crop insrrmace payouts.
There are eddkional agriculture costs that were
not tabulated. An example is any loss in laud
vahre due to increased perception that laad is
wlnerable to flooding.

It is estimated that over 12,500 peeple, 4,320
residences, and 12 commrmities experieaeed
flooding. The estimates in these catcgoriea are
probably quite low.
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Table 5-2

Land Use Flooded by Overbank and Interior Pending in 1993
M@.onri River, Omaha to Rulo

Land Use Category
11.presidential Single Family
11.2 Residential Mobile Home
ll.3 Residential Multi-family

12 commercial
12.5 F!ixecl Commercial and Industrial

13 Industrial
13. l Agricultural Storage
14.1 Airports
14.2 River Terminals
14.3 Land-based Terminals
14.4 Interstate Highways
14.5 Railroads
15.1 Power Plants
15.2 Water Supply

16 Wastewater Treatment
17 Solid Waste Disposal
18 Institutional
19 Parks and Recreation
21 Cropland

21.1 Center Pivot Irriuated Cropland
22 Specialty Crops -
23 Confined Feeding Operations
24 Grass land/Hay land/Pasture

31.10ver 75% Crown Cover Woodland
31.225% to 74% Crown Cover
31.3 Recently Cleared

32 Shrubland
41 Missouri River Main Channel

41. lMud Flats
42M0. R. Side Channels & Backwater

42. lMud Flats
43 Tributaries
44 Intermittent Streams
45 Lakes

45. lMud Flats
46 Ponds

46. lMud Flats
51 Sandbars
52 Emergent
53 shrub/Forest

53.5 Mixed Vegetative Wetlands
61 Mines, Quarries, Gravel Pits, Etc
62 Sand Dunes
63 Other

TOTAL

Acres Percent
m— 0.0

85

62
33
58
26
14

532

76
14

118

25
232

233,933
7,771

81
4, 860

11,505
1,469
1,178

167
8,960

319

372
11

1,420

941
10
84

2,592
3,041

61
10
46

280,980

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.2
0.0
0.0
0.0
0.0
0.0
0.0
0.1

83.3
2.8
0.0
0.0
1.7
4.1
0.5
0.4
0.1
3.2
0.0
0.1
0.0
0.1
0.0
0.5
0.0
0.3
0.0
0.0
0.9
1.1
0.0
0.0
0.0
0.0

100.0
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There wasover $65 million in residential dem-
age and another $124 million ia other urban and
infrastructure damage. Emergency costs, hnman
resource related disaster assistance, and National
Flood Insurance Program (NFIP) flood insurance
payouts totaled over $305 million.

The 19 impact counties suffered over $125
million in damages estimated for agriculture snd
other nmd. This makes up about 60 percent of
the damages for these counties based on extrapo-
lated data, There was nearly $94 million in
disaster relief for agriculture from the ASCS and
FmHA snd from FCIC crop insurrmce payouts.

It is estimated that over 1,647 people, 553
residences, and 8 communities experienced
flooding. There was over $24 million in resi-
dential damage and enother $62 million in other
urbsn and infreshuchsre dnmage. Emergency
costs, human resource related disaster assistance,
and NFIP flood insurance payouts totaled over

$75 million.

Included in the base conditions was damage
due to interior pending, most tributary flooding,
and agricultural durnage due to excess precipita-
tion, Figure 5-3 shows all the counties in Iowa
and Missouri on the left bank that were presiden-
tially declered disaster counties in 1993 and the
proportion of FCIC payout caused by flooding

compared to that caused by excess precipitation,
Generally, because of the mainstem dmns, all
agricultural damage above Omaha was caused by
excess precipitation or flooding on tributaries.

Omnha District Baseline Environmental Resourc-
B

Environmental base conditions in the Omaha
District stndy area (Gavins Point Dam to Rule,
Nebraska) at the time of the 1993 flood are
taken from the Environmental Resource Invento-
ry (Appendix C). The following is a description
of some of the significant and unique environ-
mental resources.

migrating waterfowl, passerine, raptors, end shore-
birds as well as important spawning, nursery, and
feeding areas for fish if tberc is pesiodlc access to the
river. These lakes include: McCook Lake (RM
740), Crystal Lake (RM 735), Browns Lake (RM
717), Badger Lake (RM 703), Blue Lake (RM 693),
Round Lake (RM 664), DeSoto Lake (RM 643), Lake
Manawa (RM 607), Folosom Lake (known bald esgle
nesting site) (RM 597), Fomeys Lake (ILM 577),
Greys Lake (RM 545), and Big Leke (RM 500).

Public lend in the Omeha District is scarce
compared to other Mississippi River Besin Districts;
therefore, all public land in the” Omaha District is
considered significant, Projects like Missouri River
Mitigation and the Missouri River Corridor Stndy
concentrate on land acquisition to restore riparian and
stream habitat lost as a result of the Missouri River
Bonk Stabilization and Navigation Project,

Both the mitigation and the corridor stndy target

areas with the greatest potential for habitat restora-
tion. The corridor project emphasizes recreational

OppOfinities, while the mitigation project emphasizes
fish and wildlife management. A list of recommend-
ed restoration sites includes: Om adi Bend, Glovers
Point, Blackbird State Wayside Area, Lower Bullard
Bend, California Bend, Boyer Chute, Hidden Lake,
Missouri River Trails, Louisville Bend, Winnebago
Bend, Lringdon Bend; Blackbird, Decatur, and

Tieville Bend; Soldier Bend, and Tobacco Island. All
of these sites involve reconnection to the main
channel either as secondary channels or backwaters.

The Missouri River National Rwreation Area,
Nebraska is located in Thurston County, Nebraska,
and includes the only unaltered reach of the Missouri
Rker in the Omaha District below Gavins Point Dam,
The area also has numerous access areas to the river
for camping, canoeing, and tisbing. High concen-
trations of bald eagles are attracted to the area be-
cause of the year-round open water below Gavins
Point Dam which provides ample feeding opportuni-
ties. Pallid sturgeon, interior least terns, and piping
plovers, all Federally listed threatened/endangered
species, also teke advantage of this unchannelized
portion of the river.

The study area contains approximately 317
lakes and ponds, a majority of which are oxbow

or cutoff lakes which offer significant habitat for

I
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Boyer Chute National Wildlife Refuge,
DeSoto Bend National WIIdlife Refuge, and
Squaw Creek National Wildlife Refuge constitute
the FederaIly managed aseas. Boyer Chute,
located in Washington County, Nebraska, is
presently under development. The area includes
a restored secondary chennel aad a diversity of
wetland and riparkm habitats, There will also be
numerous recreational opportunities such as river
access, fishing, and hiking.

DeSoto Bend National Wildlife Refuge
(7,823 acres) is located in both Nebraska and
Iowa. The refuge has maay natural features,
including a scenic overlook, Bullhead Pond,
Cottonwood Trnil, Wood Duck Pond, Prairie
Land, and a 760-acre oxbow lake. DeSoto is
visited each spring and fall by multihrdes of
migrating waterfowl aed bald eagles as well as
human spectators.

Squaw Creek National Wildlife Refuge
(6,900 acres), located in Holt County, Missouri,
was established in 1935 and provides habitat for
a variety of riparian vegetation nnd wildlife.
The erea contains four large lnkes which are
surrounded by marshlands and provides fishing,
hunting, observation towers, and foot trails. This
site is also visited by migrating waterfowl and
bald eagles each spring and fall.

Kansas Citv District Base Conditions

The Kansas City District covers the lower
Missouri River Basin drainage area from Rule,
Nebraska, at RM 498.1 to St. Charles County,
Missouri, on the left bank and St. Louis County,
Missouri, boundary on the right bank. Portions

of Missouri, Iowa, Kanses, Nebraska, nnd Colo.
rado lie within the bcmndmies of the Kansas City
District. The area has a diverse economy and
includes agricultural, commercial, utility, indus-
trial, transportation, recreation, and urban devel-
opment.

Extensive and record flooding occurred
throughout the lower Missouri River Basin
during late spring nnd summer of 1993 in Mis-
souri, central nnd east Krmsas, southeast Nebras-
ka, and south central and southwest Iowa.

Levees failed or were overtopped. Residential,
commercial, industrial and agricultural areas were
inundated and severely damaged. Not only were
crops lost but cropland was extensively damaged by
sand deposits and scouring. Bridges, rail routes,” Iocsl
roads, State highways and even Federal interstate
highways were damaged and closed for extended
periods, causing major transportation dismption.
Urban areas along the Missouri River within the
Kansas City District that suffered major damages
included St Joseph, Missouri, nnd Elwood, Kansas;
Kansas City, Missouri and Kansas; and Riverside,
Parkville, nod Jefferson City, Missouri, Along the
Kansas River, the Kansas communities of Kansas
City, Muncie, Turner, Lawrence, and Manhattan
experienced significant impacts. Other communities
near tributaries experienced major damages, including
Pattonsburg and Chillicothe, Missouri, near the Grand
River; Excelsior Springs, Missouri, near Fishing
Riven and Natoma, Kansas, near tbe Saline River.

Kansas City District Evaluation Metbodoloey

The 1993 Flood Economic Base Condition
impacts were accumulated cm a countylevelbasis for
Missouri, Kaasas, Iowa, rmd Nebraska disaster
counties located within the Kansns City District.
Since the Krmsas City District boundaries do not
correspond to county boundaries, 1993 estimated
flood impacts by county m reported in the 1993
Flood Data Collection database were allocated among
the Districts so as to avoid double counting.

A second 1993 Flood Base Condition was also
developed for purposes of the Floodplain Manage-
ment Assessment. This second base condition was
limited to impacts that occurred in “FPMA counties”
in the Kansas City District. FPMA counties are those
counties located adj scent to the Missouri River from
about Rule, Nebraska, downstream to tbe St. Charles
and Franklin County boundaries and those located
adjacent to the Knnsas River from approximately
Bcmner Springs, Kansas, downstream to the conflu-
ence of the Kansas end Missouri Rivers. These
counties are located in the reaches designated for the
FPMA systemic analyses and impact study reach
aaafyses.

Missouri FPMA counties considered in the
Kansas City District analyses include: Andrew,
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Boone, Buchaann, Cellaway, Carroll, Chariton,
Clay, Cole, Cooper, Gaaconade, HoIt, Howard,
Jackson, Lafayette, Moniteau, Montgomery,

Osage, Platte, Ray, Saline, and Warren Counties.
For Kansas, the FPMA counties within the
Karmas City District include: Atchison, Brown,
Doniphan, Johnson, Leavenworth, and
Wyaadotte Counties. One Nebraska FPMA
county, Richardson, lies partially within the area
covered in the Knnsas City Districl unalyses,

The following is a brief description of the
types of damages and data estimates included in
each impact category and a description of the
data sources used for deriving the estimated
socioeconomic 1993 flood base condition im -
pacts for counties located within the Kansas City
District.

The Kansas City District Base Condition
impacts by category are primnrily based on data
developed for the Kaasas City District 1993
Post-Flood Report and the 1993 Flood Data

Collection Study (LMVD database). Primary
data sources used include fieId surveys of com-
munities along the Missouri River and its major
tributaries mrd in-person nrrd telephone inter-
views with City Clerks, bnsiness owners, utility
company representatives, and others. In addition
to survey data collected, secondary source data
were obtained from State and other Federal

agencies.

Flood Damage Reduction

Impacts in this category are Residential
(Urban), Other Urbnn, Agricultural, and Other
Rural.

Residential impacts represent damages to
residential strictures mrd contents in urbmr areas.
Kansas City District impacts shown in this
category nre bnsed on the LMVD database for
Kansas City District counties.

Other Urban impacts are damages to com-
mercial, industrial, transportation, pipeline, utility
and public structures, equipment mrd inventory.
Estimated cleanup costs nrrd revenue losses are

also included. Impacts shown are baaed on the
LMVD database for Krmsaa City District counties.

Agricultural impacts are estimates of crop losses.
Estimates of fniled acres by county were provided by
ASCS ,staff. An estimated $250 per acre damsge
which represents an actual loss per acre considering
the time of the flood event was then applied to the
estimated failed acres to compute damages in the
Agricultural impact category.

ASCS disaster payments were analyzed to derive

an estimate by county of crop damages due to
overbank flooding versus excess precipitation. The

estimated percentage of crop dmn ages in the Kansas
City District that were due to overbrmk flooding nre
shown by State below. For FPMA counties within
the Kansas City District, a higher percentage of crop
danrages was due to overbmk flooding (68 percent)
thee for nll disaster counties in the Kansas City
District as a whole (26 percent). Counties in Missou-
ri experienced significantly greater crop dnmages due
to flooding than counties in other States.

Flood Damage as a Percent of Totrd Crop Damage in
Kansas City District Counties

Disaster FPMA

Counties Counties
Missouri 65% 80%
Kansas 21% 39%
Iowa 4% NIA
Nebraska 7% 52”A
Kansns City 26% 68%

Other Rural impacts include estimated dnrnages to
farm buildings nnd equipment, farmland and farm
ditch restoration costs.

Government Expenditure Chmwe

Estimates of impacts in these categories are based
on program data supplied by various FederaI agencies
and the Scientific Assessment end Strategy Team
(SAST).

Emergency Costs are emergency, evacuation, and
flood fighting costs as reported for the LMVD data-
base.
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Agricultural related disaster relief expendi-
tures include FmHA Farm Loans, Natural Re-
sources Conservation Service (NRCS) Emergen-
cy Watershed Program payments, AS CS Disaster
Payments, Livestock Emergency Assistance
Program payments, and Emergency Conservation
Program flood related payments.

Human Resources Disaster Relief expendi-
tures include Federal Emergency Management
Agency (FEMA) buyout and hazard mitigation
costs, mission costs, FmHA home lonns, FEMA
housing payments, FEMA individual ruralfamily
grants, Small Business Administration (SBA)
home loans, SBA rental and physical business
loans, and SBA economic injury loans. (Al-

though data for some of these may have been
used as an indication of damages reported in the
Flood Damage Reduction categories described
above, figures shown in this categow ere the
gross figures as reported for each county by the
referenced agencies. Therefore, data reported in
Flood Damage and Government Expenditrrre
Change categories overlap and should not be
added to obtain a “total” estimate of loss.)

Flood Insurance Payments include NFIP
payments by county for losses from April 1,
1993 through September 30, 1993, and FCIC
crop insurance indemnity paid for losses caused

by flood.

Reduction of Risk

Critical Facilities in the first categmy include
those facilities with potentially toxic releases
which were damaged in the 1993 flood, such as
hazardous materials production, storage and
waste facilities. Critical facilities in the next
category include essential utilities and services
and emergency services known to have been
darn aged in the 1993 flood.

The Number of People Vulnerable shown in
the base condition is a low end estimate based
on the number of FEMA housing applicants by
county. A high end estimate would be popula-
tion of communities damaged during the 1993
flood. The 1990 population of communities in

the Kausas City District affected by the 1993 flood
was more thmr 3 million persona.

The Number of Communities Vuhrerable is
indicated by the number of communities receiving
NFIP payments plus any others known to have

suffered flood related damages during the 1993 flood.

Number of Residences Vulnerable is an estimate
based on the residential structures identified in field
surveys, when available; otherwise, the total of SBA
home loans arrd FmHA home loans was used as an
indicator when survey or other secondwy data were
not available.

Kansas City District Baseline Economic ImDacts

Disaster Counties

Counties in the Kansas City District incurred
estimated damages of more than $2.2 billion from the
1993 flood. The greatest impacts were in the Agri-
cultural category, comprising more than 61 percent of
the total impacts, followed by the Other Urban
category representing 29 percent, Residential (Urban)
with 5 percent, and Other Rural with 5 percent of
total impacts.

Under Government Expenditures, disaster relief
expenditures exceeded flood insurance payments for
the Kansas City District disaster counties.

FPMA Counties

FPMA counties in the Kanaas City District
incurred damages of nearly $993 million fmm the
1993 flood. (Damages in counties designated as
“FPMA Counties” account for more than 44 percent
of total damages in the Kansas City District.) For
FPMA counties, the greatest damage impacts were in
the Other Urban category, Impacts in this category
comprised nearly 55 percent of the total impacts,
followed by the AgriculhrraI category representing 30
percent, Other Rural with slightly more than 8 per-
cent, and Residential (urban) with 7 percent of total
impacts,

Humarr Resource dkaster relief expenditures
significantly exceeded flood insurance payments for

5-13



the Kansas City District FPMA counties as a
whole.

Kansas CiW District Environmental Resonrces

Land Cover Distributions

The land cover distributions for the base
condition were developed using digital data sets
obtained from the SAST (LAND SAT imagery)
and the U.S. Fish and Wildlife Service (National
Wetland InventoW) us well as other sources.
These data were initially trimmed to match the
extent of the floodplain extent.

Non-Forested Wetlands

Non-forested wetlands include emergent and
shrub/scmb wetlands. Forested wetlands are

captured in the forest category. At the time of
the 1993 flood, 6 percent of the total Kansas
City District floodplain study urea was classified
as non-forested wetland. The portion of the
Missouri River that was analyzed included
-66,000 acres of non-forested wetlands.

Threatened and Endangered Suecies

Threatened and endangered species include
both Federal and State listings. This data was
developed from the Natnrel Heritage Program
datahnses and close coordination with the various
Federal and State jurisdictional agencies. The

data included reflects only those observations
made witbin the floodplain. Both the number of
species [i. e., diversity) and the total nnmber of
observations for all Federal and State threatened
and endangered species occurring witbin the urea
are used to describe the base condition. In the
Kansas City District study area, 30 threatened or
endangered species were recorded, with 85
separate occurrences noted. Many of the threat-
ened and endangered species were plants cberac-
teristic of wetland environments.

Forested Areas

Forested areas include both upland forests
and forested wetlands. At the time of the 1993
flood, 5 percent of the total Kansas City District

floodplain study area was classified as forest. The
portion of the Missouri River that was analyzed
included -32,000 acres of forest.

Natural Flooddnin Functions

The area inundated by the 1993 flood was used as

the base condition under the Natural Floodplain
Functions category. These cells were tilled based on
the hydrologic mmfysis end calculations of areas
riverward of the current levee alignment.

Cultural Impacts

Little work has been done pertaining to cultural
resources on the Missouri River floodplain. Histori-
cally, the Missouri River has meandered extensively
across the floodplain, which limited the occurrence
and opportunity for site development. The Corps of
Engineers has documented the migration of this river

since 1879.

Cultural resource sites discovered in conjunction
with levee rehabilitation under Public Law 84-99 in
response to the 1993 flood were early 20tb century
farmsteads that would probably be considered insig-
nificant if the State had a management plan in place
to address such sites. Prehistoric sites were located
m airily on terraces proximate to the bluff line and on
the bluffs above the floodplain. Such arms were
avoided for obtaining borrow for repairing levees.
None of the more prominent prehistoric sites were

affected during the 1993 flood or the Public Law 84-
99 repair effort. No historic standing structures were
affected by the 1993 flood.

ODen Smtce

Public land in the catego~ of “Open Space”
includes wildlife management ureas, wildlife refuges,
natural areas, National and State forests, and the like.
The acreage presented in the summary tables includes
the entire unit, even if only a portion of the unit falls
within the study floodplain boundw. Recreation
sites represent the number of Federal and State parks
and local recreation areas located within the study
area. Approximately 43,100 acres of public land and
20 recreation sites were present in the Kansas City
District study area in 1993.
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St. Paul District Base Conditions

The 1993 flood ws.v a significarrt event along

the Minnesota R]ver from Msnkato, Minnesota,
to its confluence with the Mississippi River at
Minneapolis asrd St, Paul, Minnesota. This was
arr “impact reach” examined in greater detail for
this assessment. In this reach, the summer flood
of record was experienced, and at Marrkato, a
historic record stage was recorded. Some $67
million in damages are estimated to have been
prevented at Mnnkato as a result of the recently
completed flood protection project. Along the
main stem of the Mississippi River, from St.
Paul to Lock and Dam 10, the flooding was only
moderate at approximately a 20-year frequency,
though severe enough so that navigation was
disrupted by closure of the locks from 1 day at
Lock and Dam 4 to 2 weeks at Lock and Dnm
10. Flooding was more severe locally along
several tributaries emptying into the Mississippi
River from Wisconsin, including the Black River
(especially at Black River Fslls, Wisconsin), the
Baraboo River in the Wisconsin River basin, snd
the Chippewa River at Eau Claire, Wisconsin.

Within the upper Mississippi River water-
shed in the St. Paul District, 35 crirnties in
Minnesota, 25 in Wisconsin. and 2 in Iowa were

I included in Federnl disaster declarations. These
62 counties comprise the Column A Base Condi-
tion for the summery impacts table for St. Paul
District. Of these counties, 22 were examined
for impacts in greater detail by virtue of their
location adjacent to the Minnesota River impact
reach or to the Mississippi River main stem.
These comprise the Column B Base Condition
shown in the summary impacts table, These
counties are listed as follows:

- Minnesota: Blue Eertb, Carver, Dakota,
Goodbue, Houston, Le Sueur, Nicollet, Ramsey,
Scott, Sibley, Wabasha, Washington, and
Winona.

- Wisconsirr Buffato, Crawford, La Crosse,
Pepin, Pierce, Trempealeau, and Vernon.

- Iowa: Allmrakee, Clayton.

I

A summary of the flood related impacts and
losses from the 1993 event for the upper Mississippi
River Basin in the St. Pard District is found in the
data recorded in Columns A snd B of the District
Summary Impacts Matrix table at the end nf Chapter
9,

St. Paul District Baseline Economic Impacts

The 1993 flood donrages experienced in the St.
Paul District portion of the upper Mississippi River
Bssin were Inrgely agriculture related. It is conserva-
tively estimated that at least $488 million in losses to
agriculture were incurred for the 62 counties inchsded
in this assessment. Substantial additional agricultural

damages were experienced in Federally declared

disaster counties in northwestern Minnesota and
enstem North Dakota that belong entirely or primarily

to the Red River of the North drainage basin and me
not included in this assessment. The basis for this
estimate is a county by cuunty review of Federal
Crop Insurance payments and disaster relief assistance
payments, the latter made by the ASCS, now a part of
the Consolidated Farm Services Agency. Crop

insursnce mrd disaster aid may typically cover only
60 to 70 percent of total crop losses, so it is quite
certain that the reduced value of total crop production
was considerably in excess of half a billion dollars for
this 62-county area.

Crop insurance payouts for this area cre estimated
to be $216 million, snd disaster aid expenditures for
agriculture relief we estimated at $284 million. It is
interesting to note that estimates of crop damage, crop
insrrrsnce payments, and disaster relief expenditures
are proportionately fsr less for the 22 counties located
adjacent to the main stems of the Minnesota arrd
Mississippi Rivers in the St. Paul District thnn for the
remeining counties. This no doubt is psrtly a reflec-
tion that some of the counties adjacent to the rivers
are less agriculturally oriented, but it also indicates
that most of the crop losses in the St. Paul District
were not caused by overbank flooding in the main
stem rivers,

Confirmation of this finding results from inspec-
tion of FCIC payments for this 62-county area. There
are more tfrsu a dozen causes of loss for which crop
insurance payments may be made. Only $2.3 million,
or just in excess of 1 percent of total FCIC indemnity
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payments for this area in 1993, were attributable
to “flooding.” The category “excess rainfall”
accounted for $128 million in FCIC payments,
or ahrrost 60 percent of totel payments for this
area. Clearly, for this upper portion of the upper
Mississippi River watershed in the St Paul
District, it was the unusually heavy, persistent,
and widespread rainfafl in more upland areas that
made merry farm fields unworkable, not
overberrk flooding from the main stem Minneso-
ta and Mississippi Rivers. This is not surprising,
because farming is not an intensive floodplain
lend use along the lower Minnesota R1vcr below
Menkato or along the upper Mississippi River
below St. Paul within the St. Paul District.

Residential end other urbun darnages were
widely but relatively lightly distributed with a
concentration of losses in Lyon County (Mar-
shall), Minnesota, end Jackson County (Black
River Falls), Wisconsin. While several local
areas were hit hard, the relatively limited magni-
tude and duration of flooding in the St. Paul
District did not compare with the more wide-
spread damages to residential and other types of
strictures and facilities experienced in the other
four District ereas. The estimates of emergency
response costs end National Flood Insurance
indemnity payments in St. Paul Distict counties,
in comptismr with estimates from the other four
Districts, elso reflect a generally lower level and
extent of derrraging flooding. The Ierge amount
of human resources disaster relief expenditures
is attributable primerily to flood related unem-
ployment assistance.

St. Paul District Reduction of Risk Impacts
Categories

Relatively few critical facilities were affected
by the 1993 flood in the St. Paul District area.
Two Environmental Protection Agency (EPA)
designated Superfund sites, previously used es
landfills, are located in the Minnesota River
floodplain, One is a 126-acre site in Bumsville,
Minnesota, end the other is a 3-acre site near the
Minrreapolis-St, Paul International Airport.
There are no problems known to have been
caused by these sites. A small oil spill from fuel
barrels was reported at Durarrd, Wkconsin, in
Pepin County.

Other facilities atTected within tie 22-county area
in the St. Paul District include eight highway bridges

over the Minnesota River that were closed between
Menkato srrd the Twin Cities; a reilroad line that was
flooded along the Minnesota RiveC closure of
Hoharm Field, the downtown St, Paul airpoti, a water
treatrrrent plant shutdown in Le Sueur, Minnesota, a
sewage treatment plrart shutdown in St. Peter, Mirrne-
sota; and a wastewater treatment plant flooded in
Osseo, Wkconsin.

In the entire St. Paul District area, there were
more then 11,000 applications for either individu-
al/fernily assistance from FEMA or disaster assistance
loans from the SBA. At least 64 communities within
the basin ere known to have experienced some degree
of flooding based on a review of the flood event
contained in the St. Paul District post-flood report.
More than 2,000 residential structures are estimated
to have been darnaged by flooding.

Environmental base conditions for the St. Paul
District study erea (Menkato, Minnesots, to
Gutenberg, Iowa) at the time of the 1993 flood are
teken from the Environmental Resource Inventory
(Appendix C). This data was compiled by a contrac-
tor using a wide array of available data, including
digital GIS data, Federel and State agency staff,
reports, etc. The base data covers the entire flood-
pleirr of the study reaches under investigation.

Land Use

The land use distributions for the base condition
were developed using digital data sets obtained from
the SAST (LANDSAT imagery) and the U.S. Fish
and Wildlife Service (National Wetland Inventory) as
well as other sources. The St. Paul District study
area consists of approximately equal proportions of
non-forested wetlands and floodphin forest (forest
end forested wetland). These two categories account
for almost 30 percent of the land use in the floodplain
(-150,000 acres). An extensive amount of open water
(-165,000 acres) also exists in the St. Paul District
study area, including over 1,000 individual lakes and
ponds. This is due in part to an essentially non-
leveed floodplain in this portion of the system. Also,

a series of darns on the Mississippi River is used to
support navigation. These structures cause extensive
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pooling of water, especially in lower reaches of
the navigation pools.

Threatened and Endangered Suecies

The St. Paul District shows the highest
number and number of occurrences of threatened
and endangered species in the overall FPMA
study area. These high numbers are likely
related to the large amount of public land
(-77,000 acres, 14 percent) in the floodplain, and
the large number of fish ned wildlife manage-
ment areas, including three National Wildlife
Refuges: the Minnesota Valley National Wildlife
Refuge, the Trempealeau National Wddlife
Refuge, md the Upper Mississippi River Wild-
life and Fish Refuge. These areas provide
important migration corridom and other critical
habitat requirements, as well as some degree of
protection from human-induced disturbance that
would occur in non-protected areas.

Cultural ImLracts

Responding to flood damage to historic and
archeological sites, Congress provided $5 million
to the National Park Service (NPS) in August
1993. With this funding, the NPS provided
technical assistance and emergency stabilization
for flood-damaged archeological sites and histor-
ic structures listed on the National Register of
Historic Places. The National Trust for Historic
Preservation received $2 million from the NPS
and $3 million went to the nine States affected
by the 1993 flood (Wisconsin Preservation, July-
August, 1994), This funding allowed Iowa,
Minnesota, and Wisconsin to produce written
summ ties of the cultarnl resources affected by
the flood in their States. These reports provided
the principal source of information on the nature
nad extent of damage to cultural resources in the
District. The nature and extent of cultural
resources in the Mississippi River valley in the
St. Paul Disbict are detailed in the Enviromnen-
tal appendix to this report (Appendix C).

The 1993 flood had its greatest impact to
cultural resources on the Minnesota River and

the Mississippi River just downstream horn the
Minnesota River’s mouth. With funding prnvided
tlom the NPS, the Minnesota State Historic Preserva-

tion OffIce conducted general surveys and detailed
site assessments to determine the level of flood
damage. Reflecting the size of the flood on the
Mimesota River, archeological resources along its
course suffered greater damage than sites along the
Mississippi River.

Rock Island District Base Conditions

Base Condition Impacts include physical flood

damages as well as emergency response aad disaster
relief costs. For the Rock Island District, as with the

other Districts, the Economic Base Condition Impacts
are comprised of two sets of data. One data set is for
all counties within the District which were Federally
declared disaster counties during the summer of 1993.
The second Base Condition data set includes informa-
tion for counties adj ncent to the FPMA river reaches.
Analysis of changes in flood impacts projected tlom
Action Alternatives and Policy Scenarios will be
founded on the FPMA river reach Base Condition
Impacts.

Three FPMA river reaches are within the District
(1) the Mississippi River from Gutenberg, Iowa, to
Saverton, Missouri; (2) the Des Moines River from
Saylorville Lake, Iowa, to its confluence with the
Mississippi R1veC and (3) the North Fork Raccoon
River in Dallas, Greene, and Polk Counties, Iowa,
FPMA river reach counties by State in the Rock
Island District are listed below.
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FPMA COUNTIES IN ROCK ISLAND DISTRICT

~ ~ M_ Missouri Wisconsin

Clayton Polk Jo Daviess Clark Grant
Dubuque Warren Carroll Lewis
Jackson Marion Whiteside Marion
Clinton Mehaska Rock Island
Scott Wapello Mercer
Muscatine Davis Hendemon
Louisa Van Buren Hancock
Des Moines Dallas Adams

Lee Greene

County-wide inform ation from several
sources was used to gather flood damage esti-
mates for various impact categories. These
sources are detailed in the Evaluation appendix
(Appendix B).

Rock Island District Baseline Economic ImDacts

There were significant damages both to
agriculture and to residential and other structures
from flooding aud excess rainfall during the
snmmer of 1993 in the Rock Islrmd District
counties that were Federally declared disaster
areas. In the 30 counties comprising the FPMA
“impact reach” counties in Rock Island District,
estimates are more than $128 million in residen-
tial damages, $223 million in other urban dmn-
ages, and $141 million in crop losses. For all
declared disaster counties in the District, crop
losses were estimated to be in excess of $1,2
billion,

Disaster relief payments exceeded insurance
payouts for both agriculture and human resnurce
related needs. In the 30 impact reach counties,
some $72 million in agricultural disaster relief
was paid, while FCIC payments were $65 mil-
lion. For human resource needs, more than $135
million in disaster aid was paid, while NFIP
payments were $83 million. When examining
ALL the declared disaster counties in Rock
Island District, almost $700 million was puid in

disaster relief for combined agricultarc and
human resource needs.

Reduction of Rkk Imuact Categories

For practical purposes, the number of people
directly or indirectly affected by the 1993 flood
is indeterminable. Obviously, those people were
ve~ directly affected who resided in floodplain
neighborhoods that were inundated. Those

owning businesses or working in floodplain
locations also were very directly affected.
However, there were numerous situations in
which thousands of people were atTected by the
flood, even though they were not occupants of
the floodplain. Transportation routes were cut
off, essential public services were lost or ham-
pered to varying degrees, water supplies and
other utilities were impaired, and production and
employment capacities were severely affected.

For the FPMA base condition impacts, some
11,000 residential structures are estimated to
have been damaged in the Rock Island Distict
impact reach counties. The number of commu-
nities vulnerable during the 1993 flood reflects
estimates of those instances of direct floodwater
inundation. At least 78 communities were
affected. This delineation, as with the number of
people etTected, does not account for a much
broader group of community fsocial impacts.
Many communities had levee systems which per-

5-18



formed well or where floodlighting reduced
potential damages. Those communities and
residences were still vulnerable, and great effort
wns extended for emergency preparedness and
floodfighting, not to mention anxiety due to the
flood threat. Social service resources were often

strained to the limit. Government resources at
all levels were severely tested. Comprehensive
analysis of flood impacts on community and
social well-being is not addressed in this assess-
ment.

Rock Islnnd Baseline Environmental Resources

Unique Habitats

Many unique habitats found in the Rock
Island District’s study reaches have been pro-
tected by county, State, and Federal agencies
(see the Environmental Resources Inventory,
Appendix C). These areas have been set aside
to protect habitats that are important to unique
plant and animal species, migratory stopping
places for waterfowl, and wildlife sanctuaries.
Mnny of these areas are used for education
areas, hunting und fishing sites, sightseeing, and
other human uses,

Several programs and policies have been
enacted to either preserve protected areas or
enhance existing wild lands for their perpetuation
of benefits not only to tbe wildlife that use them,
but for human use. Currently, the Corps of
Engineers administers forestry m nnagement on
the bottomland timbered pottions of the Missis-
sippi River. Timber stand improvements, even
age management, and species diversity are some
of the goals in this forestry progrnm. The
Environmental Management Program and other
Federal programs are currently restoring and

enhnncing wetlands that have been affected
primarily by siltation. Several sanctuaries ad-
ministered by county and State governments
protect mussel communities, rare turtle nesting
areas, and winter eagle roost areas.

Threatened and Endangered Species

Throughout the Rock Island District, many
species are either State or Federally listed as

threatened, endangered, and rare. These include
23 plants, 17 fish, 3 mammals, 7 birds, 10
reptiles and amphibians, end 14 other species
such as mussels, snails, und insects.

Public Use Areas

To accommodate people’s attraction to the
rivers and water based recreation, muny sites
have been established by private organizations,
city, county, State and Federal agencies. Again,
most of these sites are detailed in Appendix C.

Flood Impacts

General impacts to threatened nnd endan-
gered species are not known at this time. While
these species are resilient to floods, even those
as significant as the 1993 flood, these species
now inhabit, for the most part, essentially an
unnatural floodplain that has been leveed,
pooled, and affected by pollution und develop-
ment. Short-term impacts from the flood (gener-
ally 5 yeers after the event) are being assessed,
as well as long-term monitoring on these species
und the hahitats in which they are found.

Activities at public use sites range from
sightseeing to waterskiing. During the 1993
flood, practically all recreation was halted on the
rivers studied in this report. Post-flood repairs to
major facilities are still underway. These repairs
include restoring bathrooms, removing silt from
boat ramps, repairing roads, replacing electrical
lines, and many more efforts to bring these
recreation facilities and sites back to pre-flood
conditions.

Natural resources during and after the flood
showed a wide vnriety of responses to flooding -

some were devastating while others were
beneficial. Initial studies of fish generally
indicated that many species used the floodplain
for spawning and rearing habitat. Maher, et al.
(1994) found up to 37 species using floodplain
habitats that were previously leveed off from the
river, The floodplain offered a habitat of slower-
moving water, abundant escape cover, and a
highly productive food base for first year fish.
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The production of microcmstacenns aad aquatic
insects in the inundated floodplain occurred at
just the time Isrwd fishes needed food
(Bhowmik, et al., 1994).

The 1993 flood impacts to vegetation were
mixed. In many choked backwater areas, vege-
tation was completely removed or set back.
While setting back vegetation. in some of these
arees opened them up and made them more
accessible to wildlife use, other areas that were
completely voided of vegetation were historic
waterfowl migration feeding sites, Ducks and
geese had to seek alternative, usually less pro-
ductive, arena to fuel their migrations.

It is still too early to determine what the
long-term effects of the flood will be on many
forms of vegetation and wildlife. Hanging in the
balance are animals like native mussels, which
were in a decline before the flood. Although
species using rivers end floodplains have udapted
to seasonuf floods, impacts to delicate species
may be exacerbated by a major flood, even
though direct and indirect impacts by humans are
generally recognized as having a greater influ-
ence,

Cultural Resources

Cultural resource base conditions derived
from the 1993 flood impacts for the three reach-
es discussed below ere judged to be -2 for both
historic stmctures and archeological sites. This
is bnsed on en arbitrary scale of O to -5.

Mississippi R]ver Floodplain: Muscatine,
Iowa, to !%verton, Missouri (River Reach
Code M14) - This reach covers 156 miles of
floodplain between RM 457 and RM 301. Here,

the floodplain cuts across portions of 14 counties
--6 in Illinois and 4 each in Iowa and Missouri.
The 500-year floodplain covers approximately
458,900 acres between Muscatine and Saverton.
The number of recorded cultural resource sites in
this reach is 551.

Historic structures and/or districts (n = 32)
listed on the National Register of Historic Places
within the 500-yetw floodplain totaled 32 (see

Appendix C for a complete listing). This infor-
m ation wns acquired from the Nationsf Pnrk
Service and is current as of Februmy 4, 1994.

Knowledge of the extent uf buried archeo-
logical sites remains extremely limited. Virhml-
ly no sampling hus been conducted to determine
the extent of busied sites within the river’s vast
alluvial deposits. These deposits are known to
contnin buried sites of great age and at depths
reaching tn several meters below the present
surfnce. Even muny protohistoric end early
historic sites are buried, lying under thick blan-
kets of 19th and 20th century alluvium.

Des Moines River Floodplain: Boone,
Iowa, to Red Rock Dam (River Reach Code
MIT11) - Much of this reach, except for areas
within aed immediately adjacent to Des Moines,
Iowa, includes Corps of Engineers fee title and
easement lands associated with Saylorville Lake
and Lake Red Rock.

Berm (1986:3) identified 521 culturnl re-
source sites on the Corps Saylorville Lnke fee
title and ensement lands. Presently, 32 of these
sites are considered eligible for listing on the
National Register of Historic Places, while 164
still require evaluation tn establish National
Register status (U.S. Army Corps of Engineers
1990, as revised). All others have been deter-
mined not eligible for the National Register.

Information current es of October 1994 for
Lake Red Rock listed 466 cultural resource sites
on the Corps fee title aad easement lands. No

sites were identified as eligible for inclusion on
the Nationnl Register of Historic Places; 218
sites were listed ns not eligible; 194 were listed
na still in need of testing to establish National
Register status; and 54 were listed with no
indication of National Register status.

None of the sites at Saylowille Lake or Lnke
Red Rock include standing stmctures eligible for
the National Register. However, National Regis-
ter structures rind/or districts have been tabulated
for areas within the 500-year floodplain of the
Des Moines River in Polk County: five stmc-

tures and/or districts occur within 42,700 acres in
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the 500-year floodplain. The floodplain is not
defined in the areas above and below Polk
County.

Raccoon River Floodplain: Daflas and
Polk Counties, Iowa (Rker Reach Code
MIT14) - Only one National Register listing
was found within the 500-year floodplain for this
reach. The listing is limited to the 6,900 acres
of floodplain in Polk County because the flood-
plain is not defined in Dallas County.

St. Louis District Base Conditions

St. Louis District Baseline Economic Jmmcts

Within the St, Louis District boundaries, 26
counties were Federally declcred disaster areas
during the 1993 summer flood. St, Louis Dis-
trict is the only instance where all declared
disaster counties were sfso considered “impact
reach” counties for the purpose of FPMA analy-
sis. The 26 counties are listed below:

m Missouri

Alexander Cape Girardeau
Brown Franklin
Calhoun Jefferson
Cass Lincoln
Greene Perry
Jackson Pike
Jersey Rcdls
Madison St. Charles
Monroe St. Louis (County and City)
Morgan St. Genevieve
Pike Scott
Randolph
St. Clair
Scott
Union

Residential rmd other urbmr damages were
proportionately by far the greatest in the Federsl-
ly declared disaster counties of St. Louis District.
More than $431 miIlion in residential damages
and $549 million in other urbmr damages were
experienced. By comparison, agricultural crop
losses were estimated to be $169 million.
Emergency response costs exceeded $101 mil-
lion.

5

St. Louis District data is also distinctive in
that insurance claims payments slightly exceeded
the amount of Federal disaster aid provided for
residenta in these disaster counties. National
Flood Insurance claims ($133.7 million) essen-
tially equafed disaster aid for human resources
($134.3 million). In the agricultural sccter,
Federal Crop Insurance claims ($44.9 million)
exceeded @cultural disaster relief ($36.4
million) that wea provided.

Reduction of Risk Immct Categories

Approximately 250 critical facilities within
the St. Louis District were affected by the 1993
flood. Other critical facilities arc located in the
floodplain rmd could be vulnerable in future
flood events.

At least 23,460 residential stmchrres were
damaged by the flooding in at least 50 communi-
ties. Some 62,180 people are estimated to have
been directly atYected by flood losses. These
estimates do not include the hundreds of thou-
sands of other people whose lives were effected
by transportation disruptions that made commut-
ing to work ditlicult or the loss of business that
resulted due to the havoc caused by flooding.

St. Louis District Baseline Environmental Re-
~

Natural Resources

Of the half-dozen land usefland cover types
occurring witbin the entire St. Louis District
study area, agriculture predominates (64 percent),
followed by forest (15 percent), non-forested
wetland (9 percent), water (8 percent), and urban
(5 percent), Barren areas, such as beaches,
represent less than 1 percent of the 1,731,660-
scre floodplain crea. Of Ore total wetlmrd lend
cover type, 53 percent is forested and 47 percent
is non-forested. Most of the area identified as
water cnd barren represents the 380 miles of the
Mississippi and Illinois Rivers at normal stage.

The St. Louis Distict ahrdy ema on the main
stem Mississippi River (excluding FPMA tribu-
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taries) contains the largest total floodplain acre-
age of the FPMA Districts. This reflects the
generally increasing width of the Mississippi
River floodplain from north to south.

Much of the public land irr the St. Louis
main stem area is located along the 10O-mile-
long pooled portion of the Mississippi River
north of St. Louis. Little public larrd lies along
the 200 miles of open river from St. Louis to
Cairo, Illinois.

Levees protect 66 percent of the floodplain
witbin the entire St. Louis District strrdy area.
Seventy-five percent of the urban land use in the
study area is protected by levees arrd 85 percent
of the agricultural land use is protected by
levees. Thirty-four percent of the floodplain is
unprotected.

Cultural Resources

Sources used to assess the flood danrage to
the cultural resources of the St. Louis District
include several recent descriptive reports, several
older study documents related to paat floods mrd
floodplain use, recent survey data, and personal
communications. First, “The Great Flood of
1993 Post-Flood Report” was a valuable re-
source. Portions of “A Blueprint for Change”
(the Galloway Report) were also used. Second,
reports, documents, and data on tile in the St.
Louis District Planning Division were critically
important. Third, recent survey data of selected
floodplain areas known to have historic proper-
ties were valuable in preparing the St. Louis
District cultural narrative. Finally, mmry con-

tacts were. made by E-mail arrd telephone to the
historic preservation agencies of Missouri arrd
Illinois and to other State agencies. The result
was a compilation of data giving a general
picture, with additional specific facts for some
localized areas.

Roughly 80 percent of the Mississippi River
floodplain withirr the St. Louis District was
inundated at some time dining the flood of 1993.
In the absence of thorough, post-flood surveys
covering large areas of the mral bottomlands, it
was decided to use the same figure aa an esti-

mate of the level of flood-caused damage to
historic and prehistoric sites. It was assumed,
therefore, that approximately 80 percent of the
cultural resources in the District were, irr some

WW, atTected by the flood. This estimate is no
doubt flawed. It is clear, for instance, that
historic properties are not evenly distributed
across the landscape, It is equally clear that

many fewer historic sites were damaged thmr
prehistoric sites. This is true for three basic
reasons: many historic sites were protected by
flood control projects; there are many more
prehistoric sites than there are historic sites; rmd
the more numerous prehistoric sites often lie
outside of levees, or behind low agricultural
levees that were overtopped. However, while
these are valid criticisms, it is still felt that about
60 percent of the historic sites arrd at least 80
percent of the prehistoric sites in the District sus-
tained some damage in the flood of 1993.
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CHAPTER 6- “SCENARIO” DESCRIPTIONS (POLICY AND PROGRAM CHANGES
AFFECTING USE OF FLOODPLAINS)

Scenario Development

A challenge for this assessment is to exam-
ine the wide range of approaches that can be
teken both to reduce daeaages to human resourc-
es and to maintain the value of natural floodplain
resuurces. In order to ensure that nonsb-uctnral

approaches were considered as a major part of
this effort, the concept of “scenarios” was devel-
oped. Scenarios pruvide a context for the evrdu-
ation of potential changes in floodplain land use
and flood impacts linked to changes in nonstruc-
tural policies and programs for this assessment.

The baais for evaluation is to attempt to
quantify the CHANGES in impacts mrd resource
values that might have resulted in 1993, IF a
number of nunstnrctural policy and progrma
measures had been in place. The 1993 fluod
damages and other losses, aa discussed in Chap-
ter 5, serve aa the baseline for making the com-
parisons of possible changes in impacts and
resource values.

Three scenarios of nonstructural policy and
progrmn measures are developed in this assess-
ment. Each scenario contains at least one mea-

sure from each of seven policy and program
categories. A detailed listing of the various
prugram and policy measures that comprise the

three scenarios is pruvided in this chapter.

The seven policy aad progrrmr categories
listed below, among others, have received much
attention over the years as being particularly
importmrt in creating incentives for how flood-
plain resources will be used. These categories
are identified in columns C thruugh I in the first
of two evaluation tables described in Chapter 4.
They are each included in development uf the
three scenarios:

CATEGORY C. National Flood Insurance
Program regulations.

CATEGORY D. State floodplain manage-
ment and zoning practices.

CATEGORY E. Local floodplain manage-
ment and zoning practices,

CATEGORYF. Community relocation, flood
hazard mitigation, and land use conversion
prugmar s,

CATEGORY G. Flood disaster relief pro-
grams.

CATEGORY H. Floodplain wetland restora-
tion policies.

CATEGORY L Agricultural support policies
related to floodplain use.

Floodplain related policy and progrmn issues
used to develup the scenario descriptions were
located from aorrrces such as the Interagency
Floodplain Management Review Committee
(1994), the Association of State Floudplaia
Managers (ASFPM) (1994), and the Upper
Mississippi River Baain Association (UMRBA)
(1994). The Floodplain Management Assess-
ment (FPMA) evaluation framework developed
a RANGE of policy and program measures to
ditTerentiate three scenarios. The eontents of the
scenarios were devised for the purpose of com-
pleting evaluations of potential impacts aa part of

the FPMA. They are not attributable to any
other source.

The scenarios serve as a means for identi&-
ing the potential significance of changes in
floodplain land use and flood impacts that could
have resulted in 1993 if the policies and pro-
grams had been in place. While it is impurtant
to be able to clearly differentiate a wide range of
conditions aa represented by the three scenarios,
a countless number uf scenarios could be devel-
oped. The objective of the evaluation process is
not to perfect the scenarios; it is rather to be able
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to show which of the policy and pregrarn chang-
es appear to be most rebust in respondirrg to
environmental, economic, and social needs
related to floodplain management.

Several cnmments received on the draft
FPMA report made suggestions for either irr-
meaaing the number of scenarios or changing
features withirr the three scenarios that were
evaluated. There is certainly room for additional
analyses to be conducted that would better
identi~ and qumrti& the irupacts that corrId
potentially be associated with implementation of
a nmnber of the measures that were exmnined.
There are a)so other policy or program measures
of interest that could be devised to respond to
particulu floodplain marragement pmblmns or
issues. Scenmioa in this assessment served as a
context and a framework for analysis, but it is
the individual measures within the scenarios that
served ~ the focus for the assessment of pOssi-
ble impacts.

A summary analysis of the measures com-
prising the scenmios is presented in Chapter 7
along with completed irnpacta matrix tables for
each of the three scenarios at the end of the
chapter. A substmrticl amount of supporting
information on the scenario measures end poli-
cy/progrmu categories, including matrix table
cell notes mrd descriptions, is located in Chapter
3 of Appendix B.

Scenario Deacrit)tions

SCENARIO 1: EXISTING FLOODPLAIN
POLICIES AND PROGRAMS MAIN-
TAINED WITH KNOWN CHANGES IN-
CLUDED

This scenario outlines a continuation of the
floodplain management policies arrd progrmus
presently in place while also recognizing, when
known, changes in these policies mrd progrmns

that arc occurring. Tbeae irrclude Federal Emer-
gemcy Managenrent Agency (FEMA) buyouts of
more then 5,000 substantially darn aged structures

in the floodplain arrd 1994 legislation reforming
aspects of the national flood insurarrcc pmgrmn.
Likewise, State and local governments in many
cssea arc activeIy rcspondmg to impacts cauaed
by the 1993 flood. The philosophy underlying
this scenario, however, is that changea in flood-
plain management will come, in most cases,
somewhat SIOWIYand incrementally over time.

SCENARIO 2: FLOODPLAIN POLICY
AND PROGRAM PROPOSALS OF THE
REVIEW COMMITTEE, UMRBA, AND
ASFPM ARE IMPLEMENTED

Tbia scenario assumes that many of the

ed in the Interagency Floodplain Management
Review Committw report (“Galloway Report”),
along with pnsition papera prepared by the
Upper Mississippi River Basin Association and
the Association of State Floodplain Manegers,
are implemented. The measures irr this and the
other scenarios focus on policies and pmgrmns
that have the potential for charrging floodplain
management and use “on the ground.” Because
of uncertainty over apecitic provisions of the
1995 Farm Bill, possible actions in this area are

included under this acramrio. Other issues,
related to institutional and administrative rc.
forms, were to be cnnsidercd outside thk evalua-
tion fimnework.

The philosophy underlying this scenario
assumes e more active response to the 1993
flnod arrd a persistent pursuit of floodplain
policy and program reforms. Major objectives to

be achieved include rcductinn of risk to lives end
property, economically efilcient use of floodplain
resources, and environmental enhancement of
floodplain resources.
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SCENARIO 3: AVOIDANCE OF FLOOD
RISK TO LIVES AND PROPERTY AND
RESTORATION OF NATURAL RESOURC-
ES OF THE FLOODPLAIN ARE MORE
AGGRESSIVELY PURSUED

This scensrio is basal’ on a very active
pursuit of floodplain management rcfornrs,
emphasizing restoration of environmental re-
sources in the floodplain and maximum avoid-
ance of risk from flood dnrnages nrrd to loss of
lives es the two primary poIicy objectives.
Long-term planning in the use of floodplrrirrs at
all government levels discourages development
of floodplain erees even where it may be eco-
nomically viable to do so. The philosophy
underlying this scenerio is that reliance on
naturnl featnres in the floodplains is encouraged.
Ncw structural works to msnage floods will be
used only to protect existing development srrd
will not be constructed to protect sreas of poten -
tinl future development. Avoiding exposure to
flooding is the femrdation in developing flood-
plain management policies rerd programs under
this scenario.

Policv and Proeram Categories Varvine with
Scenarios

The policy end program categories vary
between scennrios essuming implementation of
various MEASURES. These measures nrc
summarized below. (NOTE: Mensures were
nssigned to FPMA team members for armlysis in
September 1994. Some sdditionnl explnrration of
what several of the measures enteil is provided
in response to comments received on the drstl

report irr ApriVMny 1995. The measures are
NOT recommendations. They have been exami-
ned for the purpnse of arrslysis to gain a better
understrmding of what positive end negative
impacts could result if a measure were to be
implemented.)

Cate90rv C - Nationnl Flood Insurance
Proeram {NFIP) Regulations

~

* A 3Odsy waiting period for policies

to teke effwt, as opposed to a 5day bese condl-
tion (included in 1994 legislation)

● Enforced cemplisnce of flood irrsur-
eece requirements for stnrctnres with mortgsges
in the 100-year floodplain (included in 1994
legislation)

● Prc-flood mnrket values instead of re-
placement tests to be used in determination of
substantially dmneged StIUCtUIW(COIdiid ill
1994 legislation)

● No chsnges irr premium structure ss-
aumcd (to be studied nnder the 1994 legislation)

* No expansion of riverine areas wv-

ercd by flood insurance requirements assumed

Scerrnrio 2 Mensures

* Establish a sliding scsle of escalating

premiums to place a greater burden on repetitive-
ly damoged SbUChlES

* Flood insnrnrrce claims tied fnr struc-
tures outside a mapped floodplain causes the
area to be mapped ns fleedplein end triggcm
eemmunity requirements te manage the area as
such

● Achrarinlly bnsed flood irrsrrrence m.-
quirernents era appIied to structures behind all
levees with less thnrr stnrrderd project flood
protection

* FIood insurnnce maps will not be re-

vised to remove preperdes based on fill (A
homenwrrer could raise his or her home, but the
site would not be removed frem flood maps, so
that any owners or subsequent buyers of rrnde-
veloped sdjacent properties would not be misin-
formed about the cmrtinrred risk of flooding.)

* All communities with fleod hazard

areas that erc developed or could be developed
will be mapped, errd incrensed funding to accom-
plish this will be provided

Scensrio 3 Measures

* Provide authority for individuals to
sue agents end lenders who fnil to provide notice
of flood insurrerce purchase requirements
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* NFIP Community Rating provisions
are MANDATED to ensure adherence to practic-
es achieving flood daraage avoidance

* Additional funding for completion arrd
update of flood irrsurarrce rate maps (FIRMs) is
previded (beyond NFIP premiums); maps are
based on FUTURE conditions hydrology

Cate20rv D - State Floodplain Manage-
ment and Zoning Practices

Scenario 1 Measures

* Variety of State policies sad programs
(see “Gnlloway Report,” Attachment 1) assumed
to continue without major change

* NFIP funding provided (up to $1.5
million annually) for State (and local) floodplain
m arrangement arrd advmrced mitigation plarrning
(included in 1994 legislation)

Scenario 2 Measures

* Locatiorrrd requirements and contin-
gency planning requirements for critical facilities
are tightened to avoid the standard project flood
or provide protection against the standard project
flood

* Community Development Block
Grants through the Department of Housing and
Urban Development (HUD) are provided which
fmarrce relocations in NON-DISASTER situa-
tions, once cost sharing requirements are met by
State/local governments

Scenario 3 Measure

* State governments as well as Federal
agencies are required to meet the starrdards
contained in Executive Order 11988

Caterzorv E - Local Floodrrlain Maaage
ment and Zoning Practices

Scenario 1 Measure

* No major charrges in local floodplain
management and zoning trends; standards for
participation in NFIP generally adhered to

Scenario 2 Measure

* Community Rating System (CRS) fea-
tures are promoted; premiums arc reduced for
structures in participating communities from the
current 5 percent discount to as much as 20 to
25 percent (The Federal Insurance Administra-
tion has established a CRS to encourage commrr-
nities participating in the NFIP to undertake
floodplain management activities that go beyond
the activities required for program participation.
FEMA has commented that the existing pregranr
already provides for discounts of up to 40 per-
cent depending on the class rating of the com-
munity.)

Scenario 3 Measure

* Communities are required to obtain
private insurmrce to cover flood losses to public
facilities in order to receive supplemental post-
flood disaster assistance

Caterzorv F - Commrrrritv Relocation,
Floed Hazard Mitigation, and Land Use Con-
version Programs

Scenario 1 Measures

* FEMA buyouts of 5,000 or more sub-
stantially damaged structures are completed
(FEMA has commented that 177 appreved
projects consisting of 8,251 parcels are being
pursued)

“ Up to $20 million funding te be
previded arrmmlly for “Natinnal Flnod Mitigation
Fund” from NFIP premiums, with cost sharing
requirements (included in 1994 legislation)

* 1993 Hazard Mitigation aad Reloca-
tion Assistance Act (Public Law 103-181) and
FEMA interim rule in place increasing Federal

share for eligible hazard mitigation arrd reloca-
tinn from 50 percent tn 75 percent

Scenario 2 Measures

* Federal leases in floodplains are
phased out
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* Flood hazard mitigation funds for
tloodprooting, elevating, or relocating structures
are made available as qoickly as construction
funds for repairs are in place

Scenario3 Measure

● Cost shamdfunding for acquisition of
all structures repeatedly flooded ia provided by
Federal/S tateflocal governments

Cateeorv G - Flood Disaster Relief Pro-

2EI!!!S

Scenario 1 Measure

● Existing programs, except where
noted elsewhere, are saaumed to continue inde-
pendently (ace “Galloway Report,” Atiechment 1,
for brief program descriptions)

Scenario 2 Measures

* All disaster uasistarrce to be strictly
cost shared at 75/25 percent and made consistent
across all Federal relief programs, mrd equal to
mitigation cost sharing requirements (NOTE:
The “base condition” has seen Congressional
mandating at 90/1 Opercent cost sharing in recent
digesters.)

* Greatly reduce public assistance
grants to communities not participating in the
NFIP

Scenario 3 Measures

* Post-flood disaster relief is eliminated
for those communities rmd individurds within
designated STANDARD PROJECT FLOOD
areas not proticipating in the NFIP

* Repeat flood DISASTER payments to
individuals and communities sre eliminated (All
should be in the flood insurance progrenr, which
would cover multiple events assuming com-
pliance with NFIP provisions. FEMA has com-
mented that a provision in the NFIP 1994 reform
legislation largely accomplishes this measure,)

Cate~orv H - Floodstlain Wetland Restora-
tion Policies

Scensrio 1 Measure

* Existing wetland protection and
restoration policies arc sasmned to continue
without major charrge (see “Galloway Report,”
Attachment 1, for brief program descriptions)

Scenario 2 Measures

* Increased funding for Refuge Revenue
Sharing Act provided to cushion local
governments’ tax bsae &em land conversion
effects

● Stmmn and riparirm restoration pre-
grarrr established with Federal funding end
technical assistance frum the U.S. Department of
the Interior, the U.S. Department of Agriculture,
mrd/or the Envirnmnental Protection Agency

● FIoodpIsin wetlands turgeted for
priority enrollment in the Wetlands Reserve
Program

* Nominal funding for land acquisition
for habitat improvement under the Upper Missis-
sippi River System -Envimnmentol Management
Program (UMRS-EMP)

Scenario 3 Measure

* New funding is provided to initiate a
lower Miaaouri River Environmental Mamge-
ment Program with land acquisition for habitat
improvement snowed

Caterzorv I - Amiculture Srrsmort Policies
Related to Floodsrlain Use

Scenario 1 Measures

* Federal crop insurance progrsru
reform requiring participation of all farmers
receiving other ferrn program benetita is assumed
to be in place (included in 1994 legislation)

* Other incentives, such as Wetland Re-
serve Program, Emergency Wetland Reserve
Program, and Conservation Reserve Pmgrsm, am
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assumed to continue but not extend beyond the
dates of existing authorization language (see
“GalIoway Report: Attachment 1, for brief
program descriptions)

Scenario 2 Measures

● Levee repair criteria are consistently
aad rigorerrsly applied, with increased consider-
ation of repetitive losses, maintenance costs, and
envirenmmrtal and social impacts of levee reite-
ration versus other alternatives

● 1995 Farm Bill wiIl continue conser-
vation and voluntary acquisition pregrams em-
phasizing restoration of marginal agricultural
areas frequently fleeded to wetlmrds and natural
habitat

* Post-flood land restoration activities,
including explicit consideration of envirenrnentrd
attributes, are formalized to expnnd opportunities
for pursuing buyout options (Louisa levee dutrict
No. 8 in Iowa as the prototype)

Scenario 3 Measures

● Crop insurance premium rates reflect
actuarial risk for frmning behind levees in flood-
plain area

* Expanded implementation of existing
upland farm land use management practices,
such as ternaeing, no-till fmming, construction of
windbreaks, and sediment traps to reduce peak
flood runoff and retain soil on the landscape
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CHAPTER7 EVALUATION OF SCENARIO MEASURES

Introduction

This chapter presenta the evaluation of a
wide range of measures in seven different policy
and pregranr categories that have been exmrrined
in this assessment. The seven categories, in the

order they arc discussed in thk chapter, and in
order from Cohrrnrrs C through I irr the impacts
matrix tables for each of the three scenarios, are:

C National Flood Insurance Prngram
Regulations

D State Floodplain Management arrd
Zoning Practices

E Local Floodplain Management and
Zoning Practices

F Commmrity Relocation, Fleod Hsmrd
Mitigation, and Land Use Conversion Programs

G Flood Disaster Relief Programs
H Floodplain Wetland Restoration Policies
I Agricultural Support Policies Related to

Floodplain Use.

The baais for the evahration in each case is
to assess how the impacts of the 1993 flood
might have been difTerent if SPCCKICpolicy and
pmgmm measures had been in place at the time
of the flood. It is understood that this will not
necessarily provide a complete pcrapaetive on all
aspects of arry given measure being analyzed,
but a substantial amount can be and has been
learned by approaching the analytical tasks in
this way.

It is important to recognize that many of the
measures are quite conceptual in nature and

diillcult to evaluate, because databases and other
information have not been cnllected and orga-
nired irr a manner that respnnds to marry of the
questions that implementation of a measure
would raise. Therefore, a substantial amount of
judgment is involved in identitjirrg the most
signitlcmrt aspects of these measures, and a great
deal of relimrce has been placed “in many cases
on consultations with offlciala in other agencies

at both the Federal and State levels in gtimg
insighta as to the likely impacts that could result
fiam implementation of these measures,

Srrrnmary impacts matrix tables for Scenarios
1, 2, and 3, showing cell entries of potanthd
changes in impacts for the measures considered
in the respective policy and program categories,

are shown at the conclusion of this chapter.
More detailed discussion arrd analysis of the
scenario meaarrres, and explanations of cell
entries, are contained in Appendix B (Evahra-
tion) to this report.

The policy and program evaluations arc
baaed almost entirely on the features of the
individual measures that were. erralyxed. Marry
of the measures did not result in identifying
potentially large changes in impacts with refer-
ence to the 1993 flood. Nevertheless, it is
certainly possible to formulate many differant
combinations of thesemeasures in ways that
might lead tn significant changes in impacts,
especially for flood events less severe than the
1993 flood. This step went beyond what could
be accomplished in this assessment, The analy-
sis presented in this chapter, however, can serve
as a starting point rmd certainly invites mnrc
detailed consideration of various floodplain
mmragement policies and programs to determine
what charrges could be of greatest importance for

speciilc conditions and locations, both locally
arrd systemically.

National Flnod Insurance Proeram Remda-

@nQ

The National Flnod Insurance Program
(NFIP) is one of the critical tools in effective
floodplain marragement. From its inception with
the enactment of the National Flood Insurance
Act of 1968 through Title V of the Riegle Com-
mrmity Development arrd Regulatory hrrprove-
ment Act of 1994 (Public Law 103-325), the
program goek have been:
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1, to increase the awareness of the dangers
und risks of floodplain habitation;

2. to reduce or minimize individuals mrd
communities at risk by memrs of wise floodplain
regulations; urrd

3, to intemrdizc the costs of floodplain
occupermy, thereby reducing the reliance on
Fcderrd disaster relief expenditures,

If nothing else, the great Midwest flood of
1993 exposed the weaknesses mrd strengths of a
proactive flood insurmrce program. Local, State,
mrd Federal floodplain mmragement mrd disaster
oflicials have coalesced into a force for chrnrge
in pre-disaster plmming mrd post-disaster recov-

ew. While merry of the flood insurmrce reforms
of Public Law 103-325 have been discussed for
yeurs, it is unlikely that major cberrges could
have been effected without the riveted national
attention on the prolonged agony suffered by the
citizens of the Midwest in 1993.

Though Title V of Public Law 103-325
implements importmrt improvements in mitiga-
tion insurmrce, mitigation funding, lender com -
plimrce, mrd a 30-day waiting period in the
NFIP, other crucial issues remain,

Market Penetration: What other strategies in
addition to increased lender compliance can
expand the nnmber of policies in force to levels

approaching the potentiul merket? IS a more
pmritive approach for non-participation the only
effective option or is there some blend of a
positive inducement to behavioral chmrge?

ReLretitive Losses: Repetitive losses, primar-
ily in the pre-Flood Insurance Rate Map (FIRM)
floodplains, exert undue pressures on the uctuari-
rd viability of the NFIP. While estimates vary,
it appears that 2 percent of the policies have
historically accounted for 25 to 50 percent of the
claims mrd a similar proportion of the dnhrs
paid out from the National Flood Insurmrce
Fund. Likewise, demages per pre-FIRM struc-
ture on average urc three times the damage to

regulated floodplain structures. The inclusion of
a cumulative dmrrage criterion to the existing
substantially demaged criterion rmd targeted
buyouts would eventually remove this signiticmrt
drein on the NFIP. The definition of “repetitive
loss structure” contained irr Section 512 of the
NFIP reform legislation should help in address-
ing these problems.

Extrrmsion of Arees Rearriring Flood Iusur-
~ Recognition of the potentisl for
catastrophic flood dumage in areas within or
protected to the Sturrdurd Project Flood (SPF)
would increase the public awareness of flood
risk. It would ulso indemni~ the Federal Gnv-

emment against the pntential for “budget-bust-
ing” disaster payments. Actuurial based premi-

ums in the expmrded coverage areas would
reflect the appropriate risk depending on the
level of protection or location in the floodplain.

The Federal Emergency Mrmagement Agen-

CY (FEMA) has commented that some caution
should be used when considering the definition
of “floodplain location.” Mmry of the buildings
that were flooded that were outside the 100-year
floodplain were in the City of Chicugo or in
Cook County, Illinois, end had basements flood-
ed due to backup of combined storm sewer
systems. Other areas elso had buildings with
basements that were flooded due to sewer back-

uP, inadequate storm sewers or other drainage
problems or high groundwatcr (some of it behind
levees). These types of problems do not lend
themselves to floodplain mapping. For the
Midwest flood, only 2,483 out of 16,167 cleims
tiled (15.4 percent) were in B, C, rmd X zones
(outside the 100-yeer floodplain). Note that B,
C, rmd X zone buildings as a cless sre actuar-
ially rated mrd not subsidized,

COmmuniW Rating System (CRS} The
Federrd Emergency Management Agency her
commented that the NFIP Community Rating
System provides for up to a 40 percent discount
in flood insurmrce premiums for communities
based on its class rating, Currently, the highest
rated community is a Cluss 5 mrd receives a 25
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percent discount, The discount is limited to 5
percent (Class 9) only for the fwst yem of partic-
ipation. Applying for the CRS requires some
effort on thepart ofacommrrnity, but discounts
of up to 10 percent can probably be obtained
with minimal cost to the community. Over 800
communities currently participate in the CRS,
accounting for 56 percent of all NFIP policies.
The current low level of CRS participation in the
Midwest is probably due to the low number of
NFIP policies in most communities. The seven-
State region as a whole accounts for less than 2
percent of the NFIP policies nationwide. Many
of the Midwest communities probably could
receive at least the 5 percent discount based

solely on implementing more restrictive State
floodplain management requirements and low
cost public awareness activities that they may
already do. However, they probably do not view
it as worthwhile to go through the application
process since so few people would benefit from
the premium discount. The CRS is fully funded
and fully available to communities that apply.

The environmental work group concluded
that implementation of NFIP regulations under
scenarios 1, 2, or 3 would have negligible or no
impact on all environmental impact categories
(wetlands, forest, threatened and endangered
species, extent of floodplain inundation, public
lands, recreation sites).

From a cultural resources perspective, there
is concern that tightening flood insumrrce re-
quirements couId lead to evacuation of historic
stmctures or make them more subject to flood
mitigation measures that would harm their
historic value. On the other hand, if these
measures served to discourage future floodplain

development, there could be a positive benefit to
archaeological resources of the floodplain.

A more detailed discussion of the individurd
measures considered under each of the scenarios
for National Flood Insurance Progranr regula-
tions is contained in Appendix B (Evaluation) to
this report.

Summtuy : The most significant point to be
made in considering NFIP provisions through the

evaluation framework matrix table is that an
expansion of the program, especially with re-
spect to the numbers of participants, would result
in a reduction in the need for Federal disaster
assistance, It would also help to assure that
those who invest and live in the floodplain
accept appropriate responsibility for flood darrr-
ages when they occur. Provisions contained in

Title V of Public Law 103-325, the National
Flood Insurance Reform passed into law in 1994,
are directed toward achieving these objectives.

State Floodrrlain Management and Zoning
Practices

To determine how potential changes in State
and local floodplain management and zoning
practices might have atTected the flood damages
experienced during the “Flood of 93,” we at-
tempted through available data and original
interviews to review five measures that deal with
State floodplain management and zoning practic-
es, and three measures that deal with local
floodplain management and z.crning practices.
The measures are components of the three
Floodplain Management Assessment (FPMA)
scenarios.

Overall, mitigation activities (acquisition,
relocation, or demolition) and structural protec-
tion have the highest potential to affect damages
experienced during the 1993 flooding. Mitiga-
tion activities appear to excel in the 1993 flood
experience because they physically eliminate the
risk of flood damage through the removal of
structures from harm’s way. This approach is
effective only to the “design level of protection”
(i.e., an acquisition project that clears the 100-
year floodplain dries not prevent damages in the
500-year floodplain). Similarly, inning will be
effective only for the floodplain area being
regulated, which typically is at or below the 100-

year flood elevation while the 1993 flood ex-
ceeded a 100-yem flood in many locations. In
many respects, however, the dmnages incurred
from the 1993 floed could have been mnch
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worse were it not that six of the seven States
examined have hod floodplain management
pregrmns for a nnmber of years; initial flood-
plain mapping has been eumplet~, end most
communities with flood prrrblems have ndopted
nnd we enforcing floodplain management ordi-
nnuces that meet both NFIP and State minimnrn
stemderds.

The follnwing is n brief review of how each
State ncted on its floodplain management policy
by the time this report wna drnfted.

. Illinois uses a State-produced model
floodplain development ordinrmce fnahioned after
building code ordinances as the basis for its
floodplain management progrenr, The State
issued a new rule on levee repnirs after the 1993
flood, rmd emended an administrative rule in the
spring of 1994 requiring project sponsom to
newdyze the inrpncts of all new levees to the top
of their f-board versus the 100-yesr flood
elevation.

. Iowa hna hnd an active floodplain
mnnngemesrt progrsm since 1957, nsrd hna not
msde sny policy or program chnnges since the
“Flood of 93”.

1 . Kansea has not pnased nny new
legislation na n result of the “Flood of 93”.

I . Minnesota has had an active flood-
plain menagemetrt program since 1969, end hea
not enacted any new legislation related to flood-
plain management since the “Flood of 93”.

. Nebraska has had m nctive flood-
plain management progrem since 1967, and hna
not made eny chrurges in the program since the
“Flood of 93”.

. Wisconsin hna hed en nctive flood-
plain management program since 1965, end hna
mnde no changes to its inning policies es a
result of the 1993 flooding.

We examined each meeaurc in terms of
potentinl for the following categories of isnpnct
Flood Drunnge Chnnge; Govenuoent Expenditnra
Cheuge Chnnge in Floodplain Resource& Criti-
CSI Facilities; Protection/Avoidance of Hnrm;
Social Well-Being; end Implementation Costs.
The review produced evaluations of the effec-
tiveness of the menaures on a subjective scnle:
none, low, moderate, or high impnct because
avnilable data could not support specific dnllnr
nmounts of reduced damages to individual
menaures. The following discussion summarizes
the menaurcs we evaluated, with emphnais on
potential to produce impacts greater than the
none or low categories. For more discussion of
the rationnle for assigning the impact ratings,
refer to Appendix B (Evnhration).

Scennrin I Imuacts

A. Management Measure: Variety of
State policies and programs assumed to con-
tinue without major change (Scenario 1).

The objective of this measure is to identi&
State floodplain management policies aud prn-
grams, and my chnnges that have been imple-
mented since the “Flood of 93,” as well as the
impact of these changes.

1. Chenges in State floodplain management
policies end progrnms have generrdly not been
introduced since the 1993 flood, primerily be-
cause aubstential progrems em nlreedy in plnce.
In Missouri, a decrease in flood damages ulti-
mately could result with paaaage of legislation
establishing a State floodplain mmmgement
program incorporating recommendations in the
Governor’s Task Force on Floodpkin Manage-
ment report.

2. An imporkmt, continuing need at both
State and locrd levels is large-scale floodplain
mapping tn assist in more effectively administer-
ing existing floodplain m nnagement policies.
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B. Management Measure Increase
funding for flood haaard mitigation planning
to as much as $1.5 million annually.

The objective of this measure is to provide
another funding stream for mitigation planning to
help State arrd local floodplain mmragera avoid
impacts associated with major flood events. The
funds would be available to create and update
plans, but not to execute actual flood hazard
mitigation measures.

Overall, this measure is judged to have a
relatively low impact (reduction) on floodplain
damages because of the limited amount of
funding provided by the program when com-
pared to the number of communities requiring
mitigation plans. According to the NFIP Com-
munity Status Book, 5 December 1994, approxi-
mately 3,972 communities are located in flood
hazard areac in the seven-State region under
stndy. FEMA has commented on this measure
that it anticipates funding considerably more than
30 plans per year, Plans will largely be devel-
oped using local resources and will not require
a high level of funding. It is also anticipated
that only a relatively smalI percentage of NFIP
participating communities have enough buildings
in the floodplain to be motivated to develop a
mitigation plan. For example, of the over
18,500 communities participating in the NFIP,
less than 800 in the Nation arrd 128 in the seven
Midwest States examined in this assessment have
10 or more repetitive loss properties. Realistical-
ly, these communities are likely carrdidates for
mitigation plans. Many of the 3,972 communi-
ties in the seven States have no development or
only a few structures in their flood hazard areas
and are not likely to be interested in developing
a mitigation plan nr to be funded. Finally, a
number of the communities with significant
flood hazards have already completed mitigation
or floodplain management plans using their own
resources.

Scenario 11 Im~acts

C. Management Measure: Locational
requirements and contingency planning
requirements for critical facilities are
tightened to avoid the standard project flood
(SPF) or prnvide protection against the SPF.

The objective of this meaaurc is tn reduce
the risk to critical facilities by increasing the
structural protection around these facilities and
tightening siting requirements for future facilities
within the floodplain.

This measure proposes the structural protec-
tion of all existing hazardous materials produc-
tion, storage and waste facilities, and essential
utilities to meet the SPF, or the relocation of
these facilities and siting of new facilities outside
the SPF.

1. There will be a high reduction (100
percent) in the number of critical facilities with
harmful releases at risk from flooding if all of
the facilities are protected to the SPF.

2 The number of other critical facilities
at risk would be only moderately reduced be-
cause the measure presumes to require SPF
prelection only for hazardous materials predic-
tion, storage and waste facilities, and essential

utilities. Essential and emergency services
facilities would remain at risk from flooding.

3 The implementation costs associated
with planning, designing end conshucting stNc-
tural protection for all of the hazardous materials
production, storage and waste facilities, and
essential utilities in the seven-State FPMA study

area to meet the SPF will be very high.
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D. Management Measure: Community
Development Block Grants (CDBG) through
the Department of Housing and Urban Devel-
opment (HUD) are provided which finance
relocations in NON-DISASTER situations,
once cost sharing requirements are met by
Statellocal governments.

The objective of this measure is to provide

States and communities with another funding
stream to be more proactive in acquiring and
relocating flood prone facilities prior to a disas-
ter. (These grants are currently available for the
acquisition and relocation of facilities through
supplemental appropriations that occur after a
natural disaster. The CDBG program is not
currently a cost-sharing program. Funds are
distributed to the requesting States and commu-
nities with no requirement for matching funds.
The measure proposes to change this to a
cost-sharing program, most likely at the standard
Federal match of 75 percent Federal and 25
percent local.)

1. The benefits of mitigation activities

such as acquisitions, relocations and demolition
are high regardless of the funding source, be-
cause these activities eliminate the risk to stmc-
tures associated with flooding. The impact
assessment reflects the benefits of funding
mitigation activities in general. It does not
necessarily indicate that the CDBG program, or
a changed program, is the best way to fund
mitigation activities. Further analysis of the
ramifications associated with chasrging the

CDBG program would be required to determine
whether it would provide the best mechanism for
non-disaster mitigation funding.

2. There will be a low reduction in the
number of critical facilities at risk as a result of
providing CDBG funding for acquisitions and
relocations in non-disaster simations. A large
percentage of these facilities are location depen-
dent, and cannot easily be relocated.

Scenario 111Imuacts

E. Management Measasw State gnv-
eraments as well as Federal agencies are also
required to meet the standards contaiaed in
Execative Order (E.O.) 11988.

The objective of this measure is to encour-
age States to be more responsible for floodplain
management by directing all of their agencies to:

. avoid directly or indirectly sup-
porting floodplain development

. avoid actions located in or af-
fecting the floodplain, unless the
floodplain location is the only
practicable alternative; and

. in the absence of a practicable
alternative, require that actions
be designed or modfled in order
to minimize potential harm to or
within the floodplain.

1. This measure will encourage State
governments to more closely follow and assess
the impacts of their actions on the floodplain. It
will, however, only regulate floodplain develop-
ment funded with State monies, not development

which is funded by private citizens and corpora-
tions.

2. Because the E.O. will only regulate
State funded development in the floodplain and
does not address the fluod damage risk to exist-
ing facilities, the impact rating is low.

3. This measure may affect the viability
or development costs of private projects in the
floodplain. Private development would be
affected to the extent that public services or
utilities would be limited.

4. The Governor of Wisconsin signed
E.O. 132 in 1992, establishing floodplain man-
agement guidelines for State agencies and creat-
ing a flood hazard interagency coordinating
committee. The E.O. requires all State agencies
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proposing to construct new facilities in the 500-
year floodplain to go through an eight-step
decision process to document impacts aud lessen
the risks of losses to floods. The E.O. also
stipulates that public facilities, including nddi-
tions to existing facilities which will be owned
or leased by the State, may not be constructed in
the 100-year floodplain unless there is no practi-
cable alternative. Critical facilities which will be
owned or leased by the State may not be con-
structed in the 500-year floodplain unless there
is no practicable alternative.

From mr environmental resources perspec-
tive, there were no significant charrges in re-
sources identified for the measures under Scenar-
ios 1 mrd 2. Positive impacts are attributed to
the measure requiring State cnmplimrce with
standards identified under E.O. 11988.

From a cultural resources perspective, none

of the measures examined would appear to have
en overriding impact on historicrd or archaeolog-
ical resources. Increased flood hazard mitigation
planning could assist in identifying historic or
archaeological sites.

Summarw The State floodplain manage-
ment measures examined in this assessment
which appear to have the greatest potential
impact in reduciug damages from the 1993
flood, using the evaluation framework matrix,
are those invnlving tighter regulation in the
location of critical facilities and increased fmrd-
ing to State governments to pursue more flood
hazard mitigation projects. Otherwise, the fact
that six of the seven affected States have had
active floodplain m rmagement programs for years
helped reduce flood damages and social impacts
fromtbe 1993 flood tolevels below which they
otherwise would have been.

Local Floodrdain Management and Zoning
Practices

Scenario I Impacts

A. Management Measure: No major
changes in local floodplain management and

zoning trends; standards for participation in
National Flood Insurance Program (NFIP)
generally adhered to.

Theobjective ofthismeasurc is to identify
local floodplain management policies and pm-
grsms, ead nay chmrges that have been imple-
mented since the “Flood of 93,” as well as the
impact oftbese changes.

1. Eighty-nine communities have imple-
mented floodplain zoning ordinarrces or other-
wise adopted requirements for permits regulating
floodplain development in order to quali~ for
the NFIP progrrmr since the “Flood of 93.” The
State of Iowa showed the greatest increase in
participation, with 41 communities implementing
new programs to participate in the NFIP. This
represents a 2 percent increase in the total partic-
ipation of the 3,972 communities identified as
being in special hazard areas. Nearly all the
other communities with significant flood hazard
areas in the Midwest States effected already
participated in the NFIP prior to the flood.

2. The local communities that were con-
tacted in conjunction with this study have not
made mry nonstructural (zoning) policy changes
since the “Flood of 93.” However, they have

been aggressively pursuing buyout programs mrd
mitigation plmuring to help avoid future darn age
during flooding conditions.

Scenario H Imuacts

B. Management Measure: Community
Rating System (CRS) features are promoted;
reduced premiums for structures in partici-
pating communities are increased from the
current 5 percent discount to as much as 20
to 25 percent.

The objectives of this measure arc to in-

crease individual participation in the NFIP and to
induce more communities to exceed minimum
NFIP floodplain land use mmragement require-
ments by providing NFIP policyholders with
higher reductions in premiums thrm are currently
available under the CRS.
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1. The potential impact of the present
CRS progrera is rated low. hs general, commu-
nities contacted about the CRS progrma were
either not familiar with the CRS or felt that it
was not cost effective for them to participate,
Their main concern was that they would have to

cm the financial burden of providing the
programs and protection required to be eligible
for the program but would not receive the bene-
fits the program offered to individuals. From
this point of view, they did not see how they
could fund these prograrrrs without passing on
the costs to the ratepayers, which would elimi-
nate the benefits they receive from the progrnm.
FEMA has indicated, es previously discussed,
that merry communities in the Midwest could
quali& for 5 or 10 percent discounts based on
activities they already do, but aa application has
to be prepared. An explrmation for the relative
lack of interest appears to stem from the low
number of NFIP policies in effect that makes
this effort less attractive in the Midwest than in
other parts of the Nation with more floodplain
developmcat. There may not be an adequate
understarrding that the “payoff for implementing
CRS measures is that they contribute to flood
dearage reduction, reduced public expenditures
for emergency services, improved protection of
infrastructure, etc., over time.

2. The communities that arc currently
participating in the program did feel that the
increased NFIP premium reductions would
provide arr incentive for individual property
owners to purchase flood insurmrce aad pressure
local governments to qualify for even higher
premium reductions. More widespread participa-
tion in flood insurance would lead to better
floodplain marragement prograars within these

communities.

3. Communities have to develop nad
fund programs to quali& for CRS discounts but
do not receive my return on their investment if

only policyholders receive the discounts. While
this perception exists, the number of communi-
ties participating in the program will remain low.

4. Small communities might have to
commit a sign~lcarrt portion of their budget to
meet the program requirements, while large
communities might rdready meet many of the
requirements without additional effort.

Scenario III ImDacts

C. Management Measure: Communi-
ties are required to obtain private insurance
to cover flood losses to public facilities in
order to receive supplemental post-flood
disaster assistance.

The objective of this measure is to shift the
fiscal responsibility for floodplain management
and damages to public facilities away from the
Federal Government,

1. The initial review of this measure sug-
gested that, because it does not appear to in-
crease protection levels, the potential impact of
this measure is rated low. FEMA observes,
however, that this requirement would probably
increase protection levels, because the cost of
insurance is based on the risk of exposure.
Local units of government may have a greater
incentive to protect those facilities at risk in
order to avoid or reduce the costs of insuring
them. Also note that there is already a deduct-
ible in the Stafford Act for irrfrastnrcture nssis-

tmrce for buildings that is equal to the eraount of
flood insurrmce coverage that the community
could have purchased.

2. Private flood insurance for public
facilities seems to be an idea that has caught on
with a number of the communities contacted. In

the case of the Des Moines, Iowa, Waterworks,
private insuraace saved taxpayem approximately
$9.9 million. In order to retain its private insur-
aace coverage at affordable rates, the Des
Moines Waterworks upgraded its levee arrd took
other mitigation measures after the 1993 flood.

3. Losses to public facilities were high
in relation to total post flood disaster expendi-
tures. FEMA expenditures for infrastructure
nearly equaled those for humoa services.
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There were no significant environmental re-
sources identified that would likely be atlected
by any of these measures. For cultural resourc-
es, there are concerns that some of these policies
might discourage retention of historic buildings.
But if floodplain development is inhibited,
archaeological resources could be benefited.

Summam : None of the local floodplain
management measures examined in the impacts
matrix table were evaluated as having potential
to make a large quantitative impact with raspect
to the 1993 flood event. Nevertheless, actions
such as those examined, when taken at the locaJ
government level, are recognized as important
tools in improving floodplain management and in
reducing futnre exposure to ffood damages. The
most effective approach in some locations may
be to ensure that adherence to existing regula-
tions under the NFIP is achieved at the local
level.

Community Relocation. Flood Hazard Miti~a-
tion, and Land Use Conversion Proerams

A more detailed discussion and analysis of
policy and program measures in this category are
presented in Appendix B (Evaluation) for this
report. Significant tindings and results from the
analysis that haa been completed are summarized
below for the main report. Reference is made to
Column F of the impacts matrix summary tables
(scenarios 1, 2, and 3) for the charrge of impact
information related to these measures. The baais
for much of the information obtained in the
review of these policy and program measures
was a series of telephone interviews with State
government otliciak responsible for floodplain
management or emergency response services in
the Midwest States covered by this assessment.

Scenario 1 Measures

Thrac measures have been identified for this

scenario that represent changes in flood hazard
mitigation policies and programs since the
Midwest flood of 1993. They are: 1) FEMA
buyouts of 5,000 or more substantially damaged
structures; 2) increased funding from NFIP

premiums up to $20 million annually for a
national flood mitigation fund (part of Public
Law 103-325); and 3) increased Federal cost
share for hazard mitigation and relocation from
50 percent to 75 percent (part of Public Law
103-181).

These measures represent a significant
chaage in emphasis from paat patterns of recov-
ery from major floods. It is evident that acquisi-
tion and removal of substantially damaged
structures is growing in preference aa compared
to restoration of flood prone areas to pre-flood
conditions. While the up-front costs to complete
acquisitions are significant, there are long-term
advantages by way of future costs avoided for
repetitive disaster assistance, insurance payments,
improved public health and safety, aad reduc-

tions of social disruption and emergency re-
sponse costs. The State of Missouri, for examp-
le, in its use of Federal mitigation funding

assistance after the 1993 flood, haa focused
solely on acquisition mrd relocation of substan-
tially darn aged stmctures as the strategy to
minim ize future exposure to repetitive flood
damage.

Based on data supplied by FEMA Region V
and VII oflices, FEMA Headquarters, and addi-
tional information provided by State agencies,
8,251 parcels have been approved for mitigation
projects. Most are for acquisition of substmrtial-
ly damaged residential structures. These involve
177 sites. Total approved cost is $205 million,
of which $4.1 million is from the NFIP’s Section
1362 program, $67.1 million from CDBG’S,

$21.5 million from the Economic Development
Administration (EDA), and $105.6 from FEMA’s
Section 404 Hazard Mitigation Grant Program,
Baaed on project justification procedures, it is
judged that at least this amount of daruage could
have been avoided to residential and other urbmr
stmctures if these projects had been completed
prior to the 1993 flood, Sizable reductions in
emergency response costs, disaster relief, and
flood insurance payouts could also have been
realized if the acquisitions now being pursued
had been completed prior to the 1993 flood.
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Both the prospective increase in mitigation

project funding and the increase in Federal cost
sharing for mitigation projects to 75 percent
indicate that a continued emphasis will be placed
on actions that will remove or reduce exposure
to future flooding. Note also that Public Law

103-181 significantly increased the amount of
funding available by changing the formula to 15
percent of FEMA assistance for human services
nssistmrce and infrastmchrre assistance less

administrative expenses. There is recognition of
the need and support for strengthening State end
local floodplain management capabilities to
address areas with repetitive flooding problems
through mitigative actions, and to guide new
development to locations that will avoid or
minimize exposure to future flooding. The

prevailing view is that funds spent on advance
mitigation planning and mitigation projects
should result in much greater reductions in future
flood damages and disaster payments.

Scenario 2 Measures

Two measures have been identified for this

scenario in this policy /progrrmr area. They are:
1) discontinue Federal leases of floodplain areas
for cottages end other private uses; and 2) ensure
that flood hazard mitigation funds are made
available as quickly m construction funding for
repairs in place.

Over 1,100 private leases on Federal land in
the upper Mississippi River floodplain are still in
effect. More then half (653) are in Illinois. As
the result of the severity of the 1993 flood,

apPrOxim ately 100 leases were not renewed by
leaseholders. For others, however, disaster aid
and national flood insurance payments were
received, despite language in the standard lease
contract prohibiting such claims against the
Government. There are clearly conflicting
guidelines among Corps of Engineers, FEMA,
and other agencies concerning treatment of these
leased properties. It is inconsistent to encourage
actions by governments and the private sector
that will lead to avoidmrce of exposure to daar-
aging floods while at the same time subsidizing
private citizens for a privileged access and

residential use of Federal land in the floodplain
with known, repetitive flood risk. The problem
is compounded because some of these cottage
sites, instead of being for temporimy, recreationrd
use, have been upgraded to permanent home
sites. Annual lease payments are in the range of
$500 to $600.

This measure has potential to make a sizable
reduction in the overall mnount of Federal
disaster aid and insurance payouts that would be
required for a comparable futnre flood event.

FEMA comments that lease sites may constitute
the single greatest repetitive loss structure cate-
gory. Some of these structures are valued at
$15,000 and have received as much as $100,000
in flood insurance claims and additional disaster
assistance benefits in the last 15 years. The
effect of a measure to end private residential use
of Federal Lmd in the floodplain would meet
several important objectives, including reductions
in property damage, emergency costs, disaster
aid, insurance payouts, and exposure of risk to
life and health horn major flooding. It would
also be consistent with what citizens elsewhere
have been encouraged to do in other residential
areas on privately owned lands that suffered
extensive flood damage.

The concept of making the option of flood
hazard mitigation funds available as quickly as
constmction funds for repairs in place to sub-
stantially damaged homes is considered very
important by floodplain management and emer-
gency response officials. Otherwise there cm be
a temptation to “shop around” among the Federal
disaster aid progrmns to obtain the fastest assis-
tance, even if the result is to complete repairs
that leave people vulnerable to repetitive flood-
ing.

FEMA comments that the 1994 NFIP reform
legislation authorizes the agency to provide
coverage in the flood insurance policy fnr the
cost of bringing buildings into compliance with
local floodplain management regulations (mitiga-
tion insurance). This coverage should be in
effect for new and renewal policies beginning on
October 1, 1996. Payments would be made
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through the flood insurance claims adjustment
process. If this coverage had been in effect prior
to the 1993 Midwest flood, several thousaud
buildings would have been elevated, demolished,
relocated, or floodproofed in the few months
after the flood, The NFIP reform act defines
repetitive 10ss structure as one incurring 50
percent or mnre cumulative damage if flooded
twice within a 10-year period and includes such
structures as eligible for mitigation insurance
coverage, With these reforms in place, it is
evident that in some situations it will lead to
acquisition and removal of substantially damaged
structures instead of repairs to houses at high,
repetitive flood risk.

Scenario 3 Measure

The only measure considered here is for cost
shared funding, by the combination of Federal,
State, arrd local governments, to be made avail-
able to acquire afl structures repeatedly and
substantially flooded. The Interagency Review
Committee report (Jmre 1994, Table 8.1, p, 126)
identified more thmr 5,700 stnrcturcs in the
National Flood Insurance Program in the nine
Midwest States that were repetitively damaged
over the period 1978-1993. More than 57 per-
cent of these structures are in Missouri. There
are undoubtedly other structures with repetitive
flood problems that are not a part of the flood

insurance program, The priority for this measure
would be on those structures that are a part of
the NFIP.

It would appear that mmry of these structures
are under consideration in the large number of
flood mitigation projects currently being re-
viewed and implemented, More specific infor-
mation relevaut to this measure may be devel-
oped over time as a number of the Midwest
States and communities complete more detailed
hazard mitigation plans. There is no reliable
quantitative data available of the potential cost to
expand mitigation projects involving acquisitions
over time. The 1993 flood provides a perspec-
tive for what the additional costs might be, as
well as the potential for reducing future emer-
gency response and disaster relief costs associat-

ed with areas experiencing substantial, repetitive
flooding.

The only measure in this policy/progrmn

categoy identified as significantly affectirrg
environmental resources of the floodplain is the
Scenario 3 measure for pursuing buyouts of all
substantially darn aged structures. A positive
impact on public lands and number of recreation
sites was noted. From the cultural resources
perspective, there is concern that actions to
mitigate or relocate structures could harm his-
toric resources.

Summary Several of the flood harard
mitigation measures examined would have had a

significant impact had they been in place at the
time of the 1993 Midwest flood. Acquisition of
properties known to be at risk of repetitive
flooding bas already led to removal of structures
that otherwise would have been substantially
damaged once again in Missouri as of the time
of this writing in mid May 1995. The increase
in Federal cost share for mitigation projects from
50 percent to 75 percent, on par with the stan-
dard Federal cost share for disaster assistarrce, is
important; even more importmrt is the change in
the FEMA funding formula that allows 15
percent of all FEMA disaster assistance to bc

applied to the Hazard Mitigation Grant Program.
The increasing emphasis on mitigative approach-
es in flood disaster response represents a signifi-
cant shift in action from the historical emphasis
on restoration of flooded areas in kind mrd in
place as quickly as possible. The result should
be reductions in the need for and amount of
future Federal disaster assistance in areas known
to be at risk of repetitive flooding.

Flood Disaster Relief Programs

As with the previous section, a more detailed
discussion of flood disaster relief measures is
presented in Appendix B (Evaluation) to this
report. Significant findings and results from the

analysis that has been completed are summarized
below for the main report, Reference is made to
Column G of the impacts matrix summary tables
(scenarios 1, 2, and 3) for the change of impact
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information related to these measares. The basis
for much of the information obtained in the
review of these policy and program measures
was a series of telephone interviews with State
government otllcials responsible for floodplain
mrmagement or emergency response services in

the Midwest States covered by this assessment.

Scenario 1 Measure

The only measure considered here is contin-
uation of existing Federal agency disaster relief
programs, This measure prompted not so much
a review of possible changes in impacts from
flooding but an opportunity to suggest what
could be improved. The general reaction is that
the Federal disaster response was more effective-
ly provided for the 1993 Midwest flood than for
prior large-scale natural disasters.

The formation of interagency recovery
groups or task forces involving both State and
Federal agencies, and the functioning of the
FEMA Interagency Hazard Mitigation Teams,
proved to be valuable in improving coordination
and delivery of services and should be continued
in conducting future post-disaster response ac-
tions. There is a desire for more flexibility and
discretion at the State and local levels in deter-
mining how disaster relief funds can best be

applied. Other suggestions’ include the need for
a single environmental review standard and
process in implementing disaster relief and flood
hazard mitigation projects; a single buyout
program community application instead of
separate applications for FEMA and HUD; and
a broader consideration of non-quantifiable
impacts to social welfare, health, and community
well-being needs in determining the justification
for hazard mitigation projects that go beyond
what is cur’rentl y considered in benefit-cost
analyses for these projects.

Scenario 2 Measures

Two measures are considered in this scenar-
io, They are: 1) all disaster assistance is strictly
cost shared at 75 percent Federal/25 percent non-
Federal and made consistent across all Federal

relief programs; arrd 2) public assistance grants
to communities not in the National Flood Insur-
mrce Program are greatly reduced.

The first measure reflects the concern that
the Federal Government is assuming more and
more responsibility over time for disester recov-
ery costs. Disaster assistance has become a
Federal program and benefit that unfortunately
has come to be looked upon as mr entitlement.
In the process, there may be a “disincentive” for
State and local governments and individual
citizens and businesses to take appropriate
advrmce planning, mitigation, and insurance
decisions to better avoid or cover the risks of
extraordinary flooding. When the Federal Gov-
ernment increases its cost sharing burden to
greater than 75 percent, this serves to raise
expectations of how recovery costs for future
disasters wili be treated. A recent pattern, for
the largest disasters, at least, is that States claim
they camrot afford the required 25 percent
State/local cost share and request the Federal
Government through FEMA to assume 90 to 100
percent of the disaster costs. The view has been
expressed, even by State officials, that the focus

shOuld shift from “How do we obtain even more
Federal disaster funds?” to “HOW do we improve
our floodplain management and mitigation
programs to avoid future flood damages?”,

If the 75 percent limit to the share of emer-

gency response aad recovery costs of ALL the
Federal agencies (not just FEMA) had been

applied during the 1993 Midwest flood event, it
is estimated that a reduction of Federal expendi-
tures on the order of $375 million might have
been realized. The red objective of the measure,
however, is not simply to reduce Federal expen-
ditures, but also to encourage greater emphasis
on flood hazard plmming and mitigative actions
that emphasize avoidence or minimizing of
exposure to repetitive flooding problems. This
responsibility is recognized as needing to be
assumed to a greater extent at the State rmd local
government level and by businesses and house-
holds in the private sector. A State agency
comment noted, however, that a strict 75 percent
Federal cost share might well have resulted in
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fewer acquisition and relocation projects being
completed.

In a similar mnmrer, limiting public assis-
tance grunts to communities who are not enrolled
in the National Flood Insrrrauce Program is
intended to prompt greater attention to potential
flooding problems in those communities not

currently enroIled. Otherwise, it “rewards”
communities who fail to take actions to protect
themselves from repetitive flooding problems if
they receive disaster aid to the same extent as
communities who have taken steps to obtain
insurunce and meet other NFIP standards.
Sometimes the problem is not recognized or
confronted until a request for a Federal disaster
declaration is NOT approved, and the local
community and State ure faced with the costs of
recovery on their own.

State agency officials are supportive of this
concept rmd yet recognize that most States are
doing relatively little on their own at this time to
formally review or require compliance with
NFIP standards, There appears to be little
follow-up by way of funding, monitoring, or
enforcement to ensure that recommendations of
the FEMA Interagency Hazard Mitigation Teum
reports subsequent to Federally declared disasters
are implemented. One suggestion is to link

other State funding allocations to local communi-

ties bused on how well communities address
repetitive flooding problems. Data was not
obtained that would allow an estimate to be
made of how many emergency response und
recovery dollurs were provided to non-p mticip at-
ing communities in the aftermath of the 1993
flood, If this measure were taken, there would
presumably be an increase in insurance protec-
tion purchased by local communities for their
public facilities at risk of flooding, and a height-
ened sensitivity to phm future commmrity devel-
opment in ways that avoid increasing exposure

to flood risk.

Scenurio 3 Measures

Two meusures ure included here: 1) post
flood disaster relief is eliminated for commmri-

ties and individuals within designated STAN-
DARD PROJECT FLOOD outline areas not par-

ticipating in the National Flood Insurance Pro-
gram; arrd 2) repeat flood DISASTER payments
to individuals and communities are eliminated.

These measnres are directed at greatly
expunding the definition of nreas at risk of
flooding and greatly pennfizing those individuals
and communities who fnil to ensnre continuous
participation in the NFIP despite being located in
areas of repetitive flooding. The first measnre
would require a much enlarged national flood
insurance program and mapping effort. The
feeling of many State oftlciak is that there are
enough challenges to improve the mapping,
increase participation, and ensure compliance
with existing NFIP requirements. A more im-
portant step to be considered at this time should
be to focus attention rmd pursue mitigative
actions on repetitive loss situations within the
100-year flood risk zone.

The second measure was also considered
quite extreme and too arbitrnry. There is support
for the concept of tying disaster aid to the devel-
opment and implementation of flood mitigation
plaus that deal with chronic flood problems at
the local Ievel.

While Federal disrrster relief nnd emergency
response expenditures could be significantly
reduced under this scenario, there would be a
substarrtial increase in mapping costs necessary
to implement the first measure, arrd a shifting of
disuster response costs to State and locrd gover-
nments and the private sector with both measures,

There were no environmental fleedplain
resource changes attributable to the measures
examined in this policy/progrum category. There
was concern that, with the potential for reduced
disaster assistance, historic resources might be
detrimentally affected.

Summ* The flood disaster relief
measures that were examined are of some inrpor-
tance as tools to be considered in responding to
flood damages. To the extent that more of the
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fmancisd responsibdity for flood disaster relief is
shifted from the FederaJ Government to other
levels of govemsnent and the private sector,
incentives may be created that will lead to

approaches emphasizing avoidance of floOd
damages instead of responses to flood losses
after they occur. To the extent that greater
reliance on flood insurance coverage by individ-
uals, businesses, and communities is encouraged,
there will be less need for extraordinary flood
disaster related expenditures. Dmnages would be
covered more on a “pay as you go” basis, which
is what insurance is designed tn accomplish.
The changes in Column G of the impacts matrix

tables show thk change in emphasis, with reduc-
tions in disaster expenditures relative to the 1993
event but increases generally in insurance
payouts, Therefore, applying stricter standards
in qunli~ing fnr flood disaster assistance; limit-
ing the amount of disaster assistance; and en-
couraging greater participation in flood insurance
programs insteud of reliance on disaster relief
may all be useful tools in placing greater respon-
sibility in the hands of those who gain advantag-
es from their floodplain location. This would
especially be the case in areas known to be at
repetitive flood risk.

Floodsrlain Wetland Restoration Programs

Introduction

Six measures in the Floodplain Wetland
Restoration Program issue area were examined

us Pm of the Floodplain Management Assess-
ment effnrt to consider “nonstructural” policy

cad program options that may reduce future
damages and flood stages caused by extreme
flood events like the one in 1993, This set of

existing, modified, or new policies and programs
was afso reviewed in terms of floodplain land
use changes that might offer a more optimrd mix
of floodplain outputs. The goal was to consider
a range of floodplain and wetland restoration
programs and was not intended to be exhaustive
in scope,

Analytical Armroach

Numerous reports and documents were
reviewed to determine them ajor programs which
exist to promote floodplain restoration. The
Federal agencies involved in restoration activities
were contacted to help develop general descrip-
tions of the programs available, the extent of
acquisitions/relocation, and the funding levels.
Although an attempt was made to obtain data
at the FPMA study reach or county level, most
data were available by State. Assumptions used
to extract floodplain specific infornr ation from
these data are described under the discussion for
each measure. Most of the specific data nu
various programs including acreages enrolled and
acreage in the floodplain were provided by
Natural Resources Conservation Service (NRCS)
staff. The States involved in the analysis of
these floodplain wetland restoration programs

arc: Illinois, Iowa, Kansas, Minnesota, Missouri,
Nebraska, and Wisconsin.

Many of the existing programs have been
established with different primary goals, such as
water quality improvement, waterfowl habitat en-
hancement, soil loss reduction, etc. It must be
noted that not all individual wetlands provide all

of the functions and related benetits attributed to
wetlmrds in general. While the policies consid-
ered under this issne area deal mainly with
“wetland” restoration, the actual floodlng of the
floodplain, as discussed in Chapter 3, is critical
for the maintenance of the floodplain-river
ecosystem mrd its associated natural functions
and outputs. Thus, true natural “floodplain” res-

toration requires an establishment of the natural
hydroperiod. The impacts of such structural
modifications are discussed in Chapters 8 and 9,

but should ultimately be considered in concert
with the policy options discussed here.

Because land use changes are at the heart of
the environmental impact categories, consider-
able effort was made to quantify acres atTected,
even though numerous assumptions otten had to
be made. These assumptions are described along
with the estimates of effects and costs. Because
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of the spatial scale considered irr this assessment,
our environmental impact categories were chosen
to simply show changes in wetland acres as the
indicator of environmental health or integrity,
reaIizing that a wetlands location and hydrelogy
are the rdtinr ate determinants of its function.

Scenario 1 Measure

A. Existing wetland protection and restora-
tion policies assumed to continue with-
out major change.

A brief description of the 21 programs in 12
different Federal departments, agencies, or

services that were reviewed is included in the
Evaluation appendix (Appendix B) to this report.
Numerous other programs exist with local, State,
national, or international scope that offer a wide
range of opportunities for wetlarrd protection and
restoration. This analysis does not intend to
diminish the importmrce of those progmrns but
rather, because of the systemic approach and
large study area constraints of the FPMA, only
considers major Federal programs having both
local arrd national impact,

The major Federal floodplain wetland resto-
ration programs which result in direct conversion
of land are administered by FEMA, the U.S.
Department of Agriculture, mrd the U.S. Fish arrd
Wildlife Service (USFWS). The major programs
currently affecting large acreages of wetlands
through protection or restoration are the Wetland
Reserve Program (WRP), Emergency Wetlarrd
Reserve Program (E WRP), arrd Conservation
Reserve Program (CRP),

Larrd use conversions after flooding due to
FEMA mitigation, buyouts, arrd other existing
programs result in increases in riverfront park,
recreation, or wetland acreage. Acquisitions and
relocations following the 1993 flood totaled
nearly 6,000 (this number will likely continue to
increase). If the acreage per property ranged
from 0.2 to 0.75, total acres converted would
range from 1,200 to 4,500. The end use of this
land is for open space or recreational purposes,

as regulated by the Volkrner Act of 1993. Such
a conversion prior to 1993 would have had
minimal effect on the 1993 flood event in temrs
of flood stage levels and darn age reduction.

However, the major floodplain/wetland resto-
ration or protection programs do not occur in
urban areas, but rather in nrraf, agricultural
areas. To estimate the number of acres of
wetland that wonld be restored or protected
under this measure, several assumptions were
made. These arc described below along with the
estimates of acres affected and costs of imple-
mentation.

Wetlarrd Reserve Promzn - Of the
program goal of 1 million acres, 22 percent
(based on existirrg sign-up) are assumed to be in
the FPMA States, Fifty percent of emollcd
WRP acres are assumed to be in the floodplain.
These assumptions lead to approximately
105,000 additional acres restored if the program
meets it goals. Of this amount, approximately
75 percent would revert to forested wetland arrd
25 percent would revert to non-forested wetland,
Based on arr average to date cost for this pro-
gram of $907 per acre, a total cost of-$95 mil-
Iion would be expected.

Emereency Wetland Reserve Prwzram -
NRCS data irrdicate that as marry as 50,000 acres
will be enrolled in the program. Wetland Resto-
ration Plans have been prepared on 25,000 of
these acres as of January 1995, and Iarrdownem
are in the process of recording the easements on
these acres, This leaves 25,000 acres yet to be
enrolled. Program rules state that at least 75
percent of the larrd being enrolled must be
“wetland.” Under this measure of continuation
of existing policy, it is estimated that an addi-

tional 18,750 wetland acres would be restored in
the FPMA study area. Cost of the program is
expected to reach roughly $50 million.

Conservation Reserve Proerarrr - The
amount of CRP land already existing in the
FPMA study area floodplain at the time of the
flood was not readily obtainable. Thus, in
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consultation with NRCS staff and using esti-
mates of flood prone crophmd (see discussion for
Agricultural Support Policies in Appendix B), it
is assumed that at the time of the fleed, 212,000
acres were enrolled. Since this scenario measure
assumes programs continue with no change, no
increase or decrease in CRP acres is estimated.
Assuming that 10 percent of these CRP lands are
wetland, 21,200 acres of wetland would continue
to be protected. No acres are included in matrix
table 1 because the tables only show changes,
No additional costs would be incu~d beyond
existing costs.

Other Programs - As discussed above,
there are a number of other current programs
that have goals of restoration of floodplain and
floodplain wetlands. Because oftbedifflcultyin

estimating acres enrolled in the floodplain, and
specifically the FPMA study area, it was as-
sumed that these additional programs would
contribute 10 percent of the three major pro-
grams @WRP, WRP, CRP). Under scenario 1,
this would amount to approximately 23,000
acres. Costs were estimated assuming $1,500
per acre for agricultural conversion (King and
Bohlen, 1994; NRCS, pers. comm.) resulting in

-$34 million.

Scenario 2 Measures

B. Increased funding for Refuge Revenue
Sharing Act is provided to cushion
local governments’ tax base from
land conversion effects.

Funding for this program comes from refuge
receipts and from special Congressional appro-
priations. In some years, Congress has not
funded the program, so the Fish and Wildlie

Service has bad to reduce payments, Only those
lands witbin the Wildlife Refuge System, either
through purchase or gift, arc eligible for pay-
ments.

A residential/commercial test case to illus-
trate impact to tax revenues resulting from such
hard conversions is provided in Appendix B.

Since most of the lands within the Wddlife
Refuge System are outside centralized urban
areas, it is expected that program impact to
residential or commercial area conversion is
insignificant.

A case study for farmland conversion is the
Louisa County Levee District #8 buyout. The
Fish and Wildlife Service added Iowa larrds of

apprOfi ately 3,000 acres, formerly known as
Louisa County Levee District Number 8, to the
Wapello District of the Mark Twain National
Wildlife Refuge. To offset annual income
received from county property taxes by previous
landowners ($16,040), a revenue-shining pay-
ment under the authority of the Refuge Revenue

Sharing Act was proposed, The Environmental
Assessment, dated April 1994, stated that a
formula was used to calculate a full entitlement

payment of $12,962, However, due to anticipat-
ed congressional appropriations for this progranr,
payments would be reduced to 90 pereent of full
entitlement, or $11,666, The assessment states
that “Although it appears that the county would
lose tax money,...it is reasonable to expect that
the county would adjust downward its assessed
value of properties severely damaged by flood-
ing. ”

While increased funding for this prograrrr
will cushion local governments’ tax base from
land conversion effects, the payments to be made
to these local interests are limited by the number
of acres eligible for enrollment in the Wildlife
Refuge System and will be mainly limited to
rural areas. A broader program to minimize the
impact of lost tax revenues resulting from land
conversions would be beneficial and could
reduce some of the opposition to these programs,
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C. Stream and riparian restoration program
established with Federal funding and
technical assistance from tbe Depart-
ment of the Interior (DOI), U.S. De-
partment of Agriculture (USDA),
andlor the Environmentof Protection
Agency (EPA).

Increased funding under this measure for
administration, technical assistance, and acquisi-
tion will enhance existing programs or crente a
completely new program, and lead to a more
coordinated Federol, Stnte, and local restoration
effort, possibly through goals established in
interagency ecosystem management plnns. There
are numerous existing programs that denl with

stream and riparian restoration, although most
deel more generally with wetlands (see measure
A above and Appendix B). This policy change
would also involve a modification of the process
for determining land acquisition priorities and
procedures to acquire land, and assumes that
targeted areas would be smaller streams and
tributaries rmd not the mnin stem rivers that are
the primary emphasis of this assessment. The
Interagency Floodplain Management Review
Committee Report (1994) discusses the impor-
tance of such a program (pgs. 95 and 109).

Riparian ecosystems nre being degraded and

destroyed throughout the United States. The
lower 48 States originally contained 75 to 100
million acres of indigenous, woody riparian
habitat, but today only 35 million acres remniu
in nenrly naturnl condition (FIFMTF, 1992).
The remainder have been inundated by reser-
voirs, channelized, dammed, riprapped, converted
to agricultural use, overgrazed, paved, or altered
by a combination of factors. These impacts have
impeded their ability to stabilize and maintain

the biological diversity of their own watersheds.

Because the amount of existing and potential
habitat and the quality of that habitat is not
known for the smaller rivers and strenms that
would be targeted by this program, we chose to
nssume that the budget for such a program
would be similnr to other national restoration

programs, such as the Wetlsnd Reserve Progrnm,
Ideally, the amount eud priority of riparian
habitat required to meet defined ecosystem
management goals would be the basis for deter-

mining the costs required for such a pmgrnar.

Assumptions for the WRP are bssed on the

current eight-State FPMA study area sign-up of
22 percent of the totnl national program sign-up,
This would nllocate $220 million to the FPMA
States, based on the estimated $1 billion WRP
program costs, if the goal of 1 million acres
protected is met. As stated above, this budget is
hypothetical nnd was used simply to gauge the
impact of the proposed program. Assuming the
cost of restoration, easements, etc. is $1,000 per

acre, this budget would result in 220,000 ucres
of ripnrian habitat protected or restored. Assum-
ing a 100-foot buffer strip is the average width
protected, approximately 9,200 river miles (24
acres per mile) could be nffected by this program
(slightly more than 1,100 river miles per State).

Since most of the streem habitat tergeted by
this program would not be in the FPMA base
study area, the acres protected do !!@ appear in
the scenario 2 matrix table. However, it is
estimated that 209,000 floodplain forest acres
and 11,000 non-forested wetlnnd acres would be
protected or restored.

Riparian restoration would result in some
economic benefits through prevented domsges.
However, indications are that the potentiol for
damage reduction would be minimal for events
similnr to the 1993 flood. Although not specifi-
cally evaluated in this assessment, it appears that
the economic benefits would accrue primarily
from prevented demages during the more fre-
quent events nud would be localized in nature.

However, the major benefits of riparian
restoration, especially on smaller tributaries nud

streams, ns assumed here, ore related to their
ecosystem functions. Riparian habitats we
unique in their linenr form; they have very lnrge
energy, nutrient, and biotic interchanges with
aquatic systems on the inner morgin, nrrd upland
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terrestrial ecosystems on their outer margiu, they
are connected to both upstream and downstream
ecosystems; and they serve as important migra-
tion corridors. The fact that only 35 percent of
the original ripariao ecosystems in the lower 48
States remain intact today points out the need for
a specific program directed toward their protec-
tion and restoration.

D. Floodplain wetlands targeted for prinrity
enrollment in the Wetlands and Emer-
gency Wetlands Reserve Programs.

This measure would direct more funds to
floodplain wetlands in the Wetland Reserve
Program than currently occurs. Since the EWRP
specifically targets floodplain wetlands, there
will be no change in acres protected with that
program.

States have experienced m overtlow of re-

quests to enroll in this program. South Dakota,
Illinois, Kansas, end Nebraska received no
allocation in 1992 (first year of the program), so
easement acres converted for these States pre-
flood are zero. The 1994 allocation and program
activity for the WRP was still with the Agricul-
tural Stabilization and Conservation Service
(ASCS) (now part of the Consolidated Farm

Service Agency, CFSA). For Fiscal Year 1995,
the Natural Resources Conservation Service
(formerly the Soil Conservation Service (SCS)),
is administering the program. Fund allocations
and acres affected by the program are shown in
Table 7-1.

The Emergency Wetlaad Reserve Program

(EWRP) was authorized by the “Emergency
Supplemental Appropriations for Relief from
Major Widespread Flooding in the Midwest Act
of 1993.” Participation is limited to those States
affected by the 1993 flood. The following

criteria prescribe priorities for inclusion of laads
submitted in the EWRP:

A, Protection end enhancement of habi-
tat for migrato~ birds and wildlife,
including the contribution the resto-
ration of the lend may make to
threatened and endangered species,

B. Potential for floodway expaasion.
C. Proximity to other protected wet-

lands.
D. Restoration potential of wetland

hydrology.
E, Intrinsic wetland functions and vaf-

ues.
F. Potential for successful restoration

of wetlands values.
G. Costs of easement acquisition and

restoration of wetland functions,
H, Other relevant end/or nondescript

considerations.

The initial emergency supplemental appropri-
ation was $15 million to enroll approximately
25,000 acres. There were no expenditures in
1993. Funds are allocated by State. Total Fiscal
Year 1995 allocation is $28 million but some of

these funds may be pulled back. The cutoff date
for applications under the EWRP was December
31, 1994. Applications approved as of February
1995 are shown in Table 7-2.

To estimate the number of acres of wetland
that would be restored or protected under this
measure, several assumptions were made. These
are described below afong with the estimates of
acres affected and costs of implementation.

Wetland Reserve Promun - Of the
program goal of 1 million acres, 22 percent

(based on existing sign-up) are assumed to be in
the FPMA States. Because floodplain wetlands
are “targeted” under this scenario 2 policy mea-
sure, we have increased the estimated percentage
of enrolled WRP acres in the fleedplain to 75
percent. This leads to approximately 157,000
additional acres restored if the program meets it
goals. The cost would be -$142 million based on
current program expendihmes.
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Table 7-1
Wetland Reserve Progrsm Allocations

~ Allocation Targeted Acres* * Acres Converted
92 $46 million 50>000. 39,000 recorded
94 $66 million 75,000 none recorded yet*
95 $93 million nocap(approx. 115-120,000)
96 $230 million (requested for 96)

* Takes -18 months to process from time the kmdownerapplies. All appraisals are completed nnd
commitments mnde, so recordation should start soon.
** NOte that these ere nationwide t~get acres.

Table 7-2
Emergency Wetland Reserve Program Applications

Illinois
Iowa
Kansas
Minnesota
Missouri
Nebrnska

South Dakota
Wisconsin

TOTAL

Applications cost
Armroved h @!&X!)

12 1,300 1,450
380 34,000 27,000

4 137 120

39 1,892 2,639
143 15,540 11,266

10 200 170
25 4,185 1,745

No applications received

613 57,254 $44,390

Emergemw Wetland Reserve Promnr -
Since the EWRP already targets floodplain
wetlands, no differences frem scenario 1 would
be seen. There is a potential to enroll 50,000
acres in the progrmn mrd 75 percent or more of
those acres must be wetland (under current
program rules), resulting in a totnl of 37,500
acres (18,750 above what had already been
enrolled mrd planned as of Jarwuy 1995) at a
cost of $50 million.

E. $2 milIiorr annual funding for land acquisi-
tion for habitat improvement under
the Upper Mksissippi Rk’er Environ-
mental Management Program is pro-
vided.

This merrsure would expand the list of
implementable snlutions considered in habitat
restoration plmrning under the Environmental
Mnrragement Program (EMP) to alleviate habitat
quality problems on tbe Upper Mississippi River.
Habitat Rehabilitation orrd Enhancement Program
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(HREP) Projects were authorized as part of the
Upper Mississippi River System Environmental
Management Program, under the Water Resource
Development Acts of 1986 and 1990. These
projects involve the expenditure of $150 million
over a 15-year period (1988-2002) for habitat
rehabilitation and enhancement on public lands
that lie in and along the Mississippi River from
St. Louis to Minneapolis-St. Paul, and the lower
80 miles of the Illinois River. The habitat
projects are proposed by the States and the U.S.
Fish and Wildlife Service, developed and de-
signed by interagency planning teams, and
engineered and constructed by the Corps of
Engineers.

Although “acquisition of wildlife lands” was
part of the originaJ 1985 implementation frame-
work for the EMP, land acquisition was only
recently approved as an authorized habitat
project component (31 Ott 94 letter from John
Zirschky). All State EMP partners sham a desire
to consider projects that involve land acquisition
(either as an incidental feature of a habitat
project such as dredged material placement, or as
a primary tool for restoration such as land con-
version to floodplain habitat, It is not envi-
sioned that one very large land acquisition
project would be undertaken, but several projects
that include smaller parcels. Acquisition would
likely be done in conjunction with projects

already in the EMP slate, Given this new initia-
tive, a reprioritization of the remaining projects
could result in improvement of the overall value
of the full roster of EMP projects.

Land acquisition would be for fish and wild-
life preservation, enhancement, or restoration and
must include active construction and/or operation
and management measures to improve the habitat
value over the value in its current condition.
Any flood damage reduction offered should be
recognized as ancillary benefits.

To quantify the impacts from this policy
measure, it was assumed that the policy was in
place at the time significant project construction

most acquisition occurred within the floodplain.

This determination was based on discussions
with HREP and EMP project managers and
examples of HREP’s with Lsrrd acquisition com-
ponents to date. It was also assumed that had
was acquired at a 1:1 ratio of non-wetland to
wetland. Although this is a smafler ratio thaa
usually occurs for waterfowl habitat acquisition
or land treatment programs, it was chosen based
on the previous assumption that most acquisition
would occur in the floodplain close to the HREP
problem area, Average cost used per acre of
non-wetland waa $750 and of wetland waa $300,
baaed on averaging the costs shown for existing
acquisition programs, Land acquisition was
assumed to be cost-shared 75 percent Federal
and 25 percent non-Federal, the same as current
policy (thus providing $2.67 million total avail-
able funding). Under these assumptions, the
acres that could have been purchrraed under this
plan up to 1993 are -5,000/yr or -30,000 acres
total (1 1,250 forested wetland, 3,750 non-forest-
ed wetland, and 15,000 non-wetland).

Scenario 3 Measure

F. New funding is provided to initiate a Low-

er Missouri Rher Environmental
Management Program, with land
acquisition for habitat improvement
allowed.

This measure would expand the available
Federal habitat restoration programs to alleviate
Lower Missouri River habitat quality problems.
There currently is no environmental marragement
program for the Lower Missouri River like the

one described above under measure E for the
Upper Mississippi River. Many of the tindings
of the existing EMP as well as other large
floodplain river studies would likely be expand-
ed, appfied and tested under a Missouri Rker
EMP. Some of these tindings have been dis-
cussed by the Environmental Management
Technical Center (EMTC) (1994), summtized
byWelcomme(1994) and reinforced by Delaney
(1994).

I and funding for EMP began (1988) and that
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Current models assume an integral
relationship between the main channel of
the river and its$oodplain and accept
the floodprdse and morphological diver-
sity arisingfrom it as the major driving
factor in such ecosystems. A series of
ancillary considerations such as connec-
tiw”ty are accepted as eWressiorrs of
river integri~.

It is generally appreciated that rivers
and their fauna are very resilient and
that measures to improve or rehabilitate
them can produce rapid positive re-
sponses within the system. In genera[,
rehabilitation should be guided by the
principle that if you provide the right
conditions of structure and hydrology
nature will take care of the rest.

Current theories on floodplain jimction
predict that the area needed for an
improvement to the biota is probably
relatively small and could lead toward
restoration in the form of a string of
beads with a series ofjloodplain patches
connected by more restricted river corri-
dors. A primary research role of the
Environmental Management Technical
Center, in fact, is to help define these
floodplain connections,

Existing acquisition programs nn the flood-
plain of the Lower Missouri River include: (1)
creation of the new Big Muddy National Fish
and Wildlife Refuge, encompassing about 6,000
acres in Missouri; (2) the Partnership for Mis-
souri Wetlands, involving about 32,000 acres
(fee or easement) across 25 counties in Missouri
by avmiety of Federal and State agencies, non-
governmental organizations, mrd private land-

owners; (3) the Missouri River Fish and Wildlife
Mitigation Project, administered by the Kansas
City and Omaha Districts of the Corps, which
has targeted the acquisition of 14,600 acres in
Missouri, 950 acres in Kansas, 7,200 acres in
Iowa, and 7,150 acres in Nebraska (SAST,

1994: 131); arrd (4) the Wetland Reserve Progrmrr
(discussed under measures A and D above, under
meaaurc B below, and in Appendix B).

Because of the linritedarnount of public land
on the Missouri River compared to the Miaais-
sippi River, it was assumed that a Missouri River
EMP wnuld require a larger land acquisition

budget. Habitat projects would be defined by
the participating States and the U.S. Fish and
Wildlife Service aud would moat likely be
prioritized according to goals identified in mrtici-
pated ecosystem management pkrrming. Land
acquisition for the Missouri River EMP would
likely be a primary tool for aquatic habitat
restoration on the Missoti River. Assuming a
budget of $10 million fnr land acquisition, a 10-
year program, and cost sharing and cost assump-
tinrrs as in Meaaurc E above, up to 250,000 acres
of land could potentially be acquired. This
could result in approxirrr ately 94,000 acres nf
forested wetland, and 31,000 acres of non-forast-
ed wetlands restored or preserved, with the
ram aining 125,000 acres as uon-wethurd.

Cultural Resources Assessment

Scenario 1- Under existing wetland protec-
tion and restoration policies, cultural resource
impacts are generally taken into consideration
since Federal involvement (permitting, funding,
etc.) is a critical part of these undertakings.

Overall, the effect on structures and archaeologi-
cal sites is judged to be slightly negative (“~.....l
0 “) simply because mitigation is generally
chosen in favor of cultural resource preservation.

Scenario 2- Cultural resource impacts from
increased funding of wetland restoration, im-
provement, land acquisition, and other aasistarrce
would have generally neutral impacts to historic
structures which are probably few and far be-
tween in the lands proposed for these measures.
Archaeelogicrd sites could both benefit and
suffer from these measures. Positive archaeolog-
ical impacts derive fmm abandonment of agricul-
tural activity, while negative impacts would
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occur with land modification activities associated
with restoration and improvement.

Overall, the effect on structures is judged to be
neutral (s .....O.....+s) while the effect on archaeo-
logical sites is judged to be somewhat negative

(’....,:...,.”’).

Summa : The differences in the three
scennrios show how simple changes in targets
for a given program can have major impacts on
wetlands and other land use in the floodplain.
For example, a reduction in CRP acres described
in Scenario 1 would likely negate my increased
protection offered by the other two programs.
Obviously, there ere many ways to meet goals of
various agencies and organizations, but if pro-
grams nre made to recognize common goals,
greater benefits would ultimately be seen. An
increase of 10 to 25 percent in wetland acres
restored or protected would have lnrge benefits
for the floodplain-river environment, but this
would represent only an 8 percent decrecse in
total floodplain agricultural lands. Targeting
marginal lands throughout the system in this way
might help minimize impacts on the local tax
base, while beginning to establish natural (nnt
protected behind levees) floodplain patches that
are needed to improve the biota of the system.
It should be noted that, of these major programs
analyzed, the EWRP is the only strictly “flood-
plain” program. However, impacts in the
upland watershed, though not estimated in this
assessment, could have wide-reaching effects on
the floodplainhiver system due to water quality
and water retention effects over the life of the
program.

Agricultural SnDDnrt Policies Related to
Floodplain Use

An initinl and obvious question to ask, when
looking at floodplain policies and program
measures, is whether law, regulation, and eco-
nomics are working together or are at odds with
one another to achieve desired results. Laws and
regulations are more ditlcult to write and to
enforce if they are in conflict with perceived

ecnnom ic incentives nnd disincentives. To
provide ecnnomic incentives that are not in
accordance with stated goals is to guarantee
incomplete success. The questions we wished tn
address, then, were whether agricultural subsidies
encourage fanning in the floodplain and, if so, is
this necesstily undesirable,

Although the numbers vary greatly horn
farm to farm, it is not unreasonable to assume a
needed return of $100 per acre land rent and
normal profit, According to analysis dnne by

USDA personnel, an average subsidy amounts
to $25 to $85 per acre on floodplain farmland in
the stndy area. Obviously, the subsidy is impor-
tant. It is estimated that producers will farm as
close to a river as the 2-yenr floodplain,

It was not possible in this assessment to
determine what level of risk the fanner would be
willing to bear if not subsidized but it is obvi-
ously less than if subsidized, However, the
incremental costs of planting higher risk acres is
so small compared to the possible returns from
a good harvest that the individual fanner, accus-
tomed to the risks involved in agriculture, is
likely to decide to plant where it may not be
indicated on an annualized benefit basis. Agri-
cultural subsidies such as defmiency payments,
disaster payments, nnd subsidized crop insurance
clenrly reduce or eliminate risk. The conclusion
then is obvious: that such policies encourage
farming in the floodplain.

The subsidy may or may not be a gnod

investment for the Nation. Benefits include
lower consumer prices nnd increased expnrts, yet
some costs, such as those to the rivesine ecosys-
tem, may not be adequately addressed, If subsi-
dies go inefficiently to cover repetitive lnsses,
money may also be wasted, In addition, fairness
must be a principle in government policy. Much
more disaster assistance goes to agriculture for
other reasnns, particulady drought, than for
flooding. Additional causes include hurricanes,
tomadnes, wind, hail, and early frost.
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Calculating Ar?ricrdtural Loaa

An additional important question to ask,
when looking at floodplain policy and program
measures, is what are their true effects on the
farm economy. The questions are to what extent
losses to regional fanners are offset by gains to
other farmers and to what extent government
disaster aasiatance is offset by savings in defi-
ciency payments and loan supports.

There were reductions in both deficiency
payments and in commodities being put under
loau in 1993. Deficiency payments for Illinois,
Kansas, Missouri, South Dakota, and Wisconsin
were about $1.5 billion in 1991 and 1992 but
dropped by more than $200 million in 1993.
Agricultural commodities put under loan totaled
796 million bushels in 1991, 1,200 million
bushels in 1992, only 428 million bushels in
1993, and back up to 1,500 million bushels in
1994. There definitely wna a decrease in need
for these programs and a decrease in government
expense associated with these progrnrns.

Aside from those tindings, the analysis gets
clouded, It was beyond the scope of this assess-
ment to determine how much of the lack of
participation in these programs was driven by
high prices and how much wn.v driven by having
fewer fanners, those who were not flood victims,
participating in the market in that year. The
effects of grain storage, the buying and selling of
commodity futures, large international transac-
tions, and government programs and policies
make it difficult to correlate supply and demand
shocks through price history. It is safe to aa-
sume that government disaster payments were
offset to some degree by smaller expenses tharr
normal in these other programs and it is reason-
able to say that farmers not atTected by severe
weather had gains that partly offset losses to
sticken farmers (from a national perspective),
but these effects should not be overstated. It is
not possible in this assessment to determine to
what extent these totals were offsetting.

Amicultoral SuUDort Policies Within the Three
Defined Scenarios

In examining the impact of agricultural
support policies on use of the floodplain, the
three scenarios discussed in Chapter 5 included
the following pOlicy/prOgram elements: Scenario
1 includes Federrd crop insurance reform and
staying the present course in acreage reserve
programs; Scenario 2 considers levee repair
criteria, conservation and voluntary acquisition
programs, and exprmded buyout options; and
Scenario 3 considers agricultural premium rates
and upland water retention.

Scenario 1 Measures

Existing policies and programs are expected
to be maintained, but with known changes
implemented since the 1993 flood. Elements
included as part of this scenario are Federal crop
insurnnce reform requiring participation by all
producers taking part in any other Federal farm
program and acreage reserve incentive progranrs

continuing the way they are headed. It is very
difficult to predict the final outcome of the
various measures currently under consideration.
Even where policy has been changed, the details
of implementation are often yet to be worked
out.

A. Federal Crop Insurance Reform

The Federal Crop Insurance Reform Act of
1994 (Title I, Public Law 103-354) modified the
crop insurance program. The goal of the act is

to provide an actuarially sound crop insurance
program, aud to mandate coverage for all pro-
ducers receiving other fnrm program benefits.

The methods for implementing several
impofiart features of the reform act are still
being developed. In general, however, coverage
is provided at various levels of risk protection.
All producers must obtain at least the base level
of catastrophic protection in order to receive
other benefits. Producers can also obtain addi-
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... ., . . . . .
norm levels or coverage at various ylela ma
market price levels.

The fees vmy according to the coverage
level. The participating producer peys a $50 fee

per crop per county up to $200 per cnmrty with
en overall mexirnum of $600. For higher levels
of additional protection, the fee is $10.

The Federal Government pays the entire
cost of the catastrophic level of protection (insur-
ing 60 percent of msrket prices for losses ex-
ceeding 50 percent of individual yields), arrd a
portion of the premium for the additional levels
of covernge available from private firms. The
premiums are to be suffkient to cover rmticipat-
ed payouts, a reserve, snd administrative end
operating expenses.

Implementation procedures for several key
elements of the progrenr are still being devel-
oped. A most important element is the manner
in which “unrated” lards will be addressed.
Unrated lands, for purposes of this report, in-
clude high risk properties such es those between
the rivers end the levees. At the present time, it
has not been determined whether these properties
will be irrsurcd under the stenderd procedures of
the set, whether they will be insured individually
with a difTeremt rate structure, or whether they
will be treated as they would have been nnder
the previous disester payment systems.

Many facets of the new act are. still uncleer,
but some observations ere worth noting:

.

.

There is a benefit in that the cost of
disaster tkom flooding of agriculture
would be prepeid. This is essier fnr the
Nation to budget and eliminates unantic-
ipated shncks to the natinnal economy,

Many farmers who dn not now carry
crop insurrmce will have at least a base
coverage that is independent of disaster
declarations.

.

.

.

Because the premiums em so heavily
subsidized and because perticipetinn will
be so bread, it is uncleer if the FedereJ
Government will spend more or realizs
savings.

The bese premiruu is fully subsidized
mrd the base fee is independent of rrrmr-
ber of acres cnvercd.

The bese premium is fully subsidized
snd the bese fee is independent of risk
nr loss history. This favors the flond-
plein farmer whose risk is higher, over
the upkmd farmers whose rmit cnsts of
production are usuelly considerably
greater.

B. Acreage Reserve Programs

Lend reserve programs such es the
Wetlands Reserve Program (WRP), Emergency
Wetkand Reserve Pregrern (EWRP), and the
Conservation Reserve Program (CRP), sre
assumed to continue based nn existing authoriza-
tion lmrguage. The present acreage estimates fnr
each pregranr are listed by State in the Evehra-
tion appendix (Appendix B) and have been
discussed rrnder the Floodplain Wetlend Restora-
tion Pregrarrr issue erea in the previnus section
of this chapter. The CRP pregram is by fer the
lergest at an estimated 212,000 acres in the study
area floodplain. The other two progrems em on
the order of 30,000 to 50,000 acres each for the
eight-State study area. The study area lands in
these progrnms, however, represent a veV smell
preportinn of totsl flood prone lands in the erea.
While they take croplnnd out of production,
thereby reducing flood damages, the prngrems
are not sufficiently huge tn appreciably reduce
flood damages. Yet, es discussed in Chapter 3
and under the Floodplain Wetland Restoration
Program issne area in this chapter, there. are
mauy other values of wetland end habitat resto-
ration programs beyond the possible flood dama-
ge reduction benefits.
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The programs have been very popular.
Since its inception, the WRP has received sub-
stantially more applications nationwide tharr it
hss been able to support. In Fiscel Year 1991,
with a totsl budget of $46.7 million, 249,000
acres were offered for enrollment, while only
50,000 were accepted. The program was not
funded ie Fiscel Year 1992, In Fist.sl Year
1993, with a budget of $66.7 million, approxi-
mately 600,000 acres were offered for errroll-
ment, while only 75,000 acres were sccepted.

To estimate the nrrmber of acres of wetknd
that would be restored or protected under this
meaarrrc, the smue assumptions were mede for
WRP mrd EWRP w described under Meesure A
of the Floodplain Wetland Restoration Pregrams
section above. The CRP would change, and
estimates for this progrem are described below.

Conservation Reserve Pro~rrmr - As previ-
ously described, it was easumed that at the tirrre
of the flood, 212,000 acres were enrolled. It wea
further assumed under this scenario measure that
this acreage is reduced by 50 percent as cumcnt-
ly proposed, Such a change would result in the
10SSof 106,000 acres of natural cover currently
protected under this pmgrarn. Assuming that 10
percent of these CRP lends src wetland, a loss of
10,600 (SCSmatrix table 1) would result. Costs
were estimated by using the current average cost
of $54 per ewe for 10 years. There would be
reduced costs under this scenario of $57 million.

Other Prommrs - As discussed above for
Floodplain Wetland Restoration meesures, it wss
easumed that these sdditionrd programs would
contribute 10 percent of the three major ones
(EWRP, WRP, CRP). This would mnount to

appm~ately 13,000 areas. Costs were estimat-
ed aasuming $1,500 per acre for agricultural
conversion resulting in -$20 million.

It is impossible to tell what will be done to
these progrems in the 1995 FarrrJ Bill, but indi-
cations rue the budget for reserve programs will
be cut to some degree. It would require a
considerable increase in expenditures for these

pregrams to have signf]cmrt impacts on flood
demages in the study erea. These pregrams
enjoy a good reputation for rmvironmentel bene-
fits rind, especially in the case of the wetlands
programs, take excessively risky kurd out of crop
production. For this reason, these programs will

ect to decresae crop dem age mrd agricultumf
subsidies in a very marginsl way. Progrsrrr

opportunities in upland retention are covered
under meeaure G below end in Chapter 8.

Scennrio 2 Measures

The philosophy of this scenario assumes a
more proactive position toward progrsm arrd
policy reform to reduce risk, use rcsourccs
elliciently, and enhance the environment. Ele-
ments exmuined are similer to mmry prepossls
found in reports by the Interagency Floodplain
Management Review Committee, the Mississip-
pi River Baain Association, and the Association
of State Floodplain Manegers. Specitic agricul-
tural elements exmuined as pert of this scenario
include levee repeir criteria which considers
repetitive breaks, maintenance history, rmd
environmental mrd social effects compared with
eltemative approaches. Another element ea-
snmes the 1995 Farm Bill would continue con-
servation and voluntery acquisition of merginsl
farmland, emphasizing environmental restoration
mrd enhancement. The third eIement includes
explicit consideration of environmental attributes
to expmrd opportunities for buyout options.

C. Levee Repair Criteria

The present system of egricrdtursl flood-

control levees along the lower Missouri River
and upper Mississippi River floodplain is sn

aggregate of levees constructed by different
agencies mrd individuals at various times and
under vrrrious programs. Their physical compo-
sition, degree of flood protection, and locations

vw from area to erea. Some ere on or near the
channel brink and extend across old river chermel
deposits. Others are set back to the lmrdward
margin of the floodway to permit flood flow
conveyance.
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Private Ievce systems such us those built

along the Missouri River, riverwerd of the
Federnl levee system, were oflen placed as close
to the river as possible. Many of these private
levees have tie-offs into existing Federal levees,
and do not allow for the recommended flood-
way, Any secondary levee riverward of the

Federal levee system on the lower Missouri
River is not only with the 3,000-foot-wide
floodway defined in 1962, but is also within the
floodway defined at present by the Nationnl
Flood Insurance Progrum,

If damaged during a flood, such a levee

m~ not meet the specific criteria for repair
under one Federal program, but may qualify for
assistance under unother program due to the
inconsistent Federal levee repnir policy from
agency to agency. Levees we repaired without
mitigating the adverse effects these levees may
have on the NFIP floodway and also on the
capacity of adjacent “mainline” levees. Regula-
tion of the floodwny is the responsibility of the
local municipality. In the area of regulation, a
lack of coordinated plnnning und mmragement
undermines the Federal nud State objective of

sound floodplain management.

Levees that do have a history of repetitive

damage could be evaluated for factors contribut-
ing to the levee dumage and solutions found to
lessen or eliminate the dumage caused. If repeti-

tive 10sses and adverse effects on floodwater
surface elevations nre properly analyzed, many
levees may not be justified for repnir.

Another area to consider is whether adequate

maintenance is being performed, Drainage
districts contacted in Missouri, for an example,
with levee lengths of 10 to 30 miles, reported a
range of average annual m aintenunce costs from
$300 to $3,500 per mile of levee, The Papio-
Missouri River Nateral Resources District (NRD)
in Nebruska reports un average annual m ainte-
nnnce cost of $3,500 per mile of levee. A levee
with a $300 per mile maintenance cost is proba-
bly not being maintained adequately.

Drmraged levee systems we generally not
investigated with auy hydrologic models before
repair. Studies indicate that some private levees
nre detrimental to flood protection provided by
Federal levees and contribute to erosion damage,
higher stages, and increased sedtment deposition,
Repnir of private levees was ofterr promoted by
Federal agencies even though these same levees
often compromise the effectiveness of the Feder-
al levee system. In public meetings held by
Omaha Distict, there have been indications of
local support for limiting or eliminating the
private levees riverwmrd of the Federal levees.

Location of repetitive breaks in particular
levee units must be exnmined with respect to
placement in relation to former channel align-
ments. As pointed out earlier, the problem may
be in where tbe levee was placed in relation to
former channel alignments. Problems may also
relate to the levee having other thun the design
level of protection due to aggravation or change
in convey nrrce or hydrology.

A detailed environmental analysis of the
effects of levee rehabilitation involving 303
levee setbacks or realignments is provided in
Appendix B. Such rehabilitation could lead to
less repetitive levee damage. Detniled studies
would be required, however, to develop optimal
alignments nnd new designs that would allow
predictable nnd controlled flooding behind levees
to minimize the widespread erosional and depo-

sitional damage seen in the 1993 flood. The
major effects this analysis of levee realignments
identified on FPMA environmental impact
categories included restoration of 5,600 acres of
non-forest wetland nnd 2,000 acres of forest.
The cost of this action was estimated to be $57
million.

D. Conservation and Voluntary Acqui-
sition Programs

This measure states that the 1995 Fnrm Bill
will continue conservation nud voluntnry acquisi-

tion program emphasizing restoration of mnrginal
agriculhrrnl areas frequently flooded to wetlands
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and natural habitat. The direction that Congress
sets in the Farm Bill is integral to the futare
course of this mea of stndy because the Farm
Bill and associated incentives for production or
set-aside ma have a major effect on land use.
Although the actnal status of the 1995 Farm Bill
is uncertain at tie time of this analysis, we have
analyzed the meaaurc as stated above.

Conservation Reserve Program - Although
it waa estimated that 212,000 acres in the FPMA
study area floodplain are currently enrolled in
the CRP, this Scenario 2 measure emphasizes
restoration of frequently flooded marginal agri-
cultural lands. It was assumed that of the 5.3
million acres of flood prone cropland in the
FPMA counties, 25 percent or 1.3 million acres
arc in the FPMA floodplain. Of this 1.3 million
flood prone acres in the study erca, 10 percent or
131,000 acres will be targeted as convertible to
wetland. Baaed on existing ratios of land cover,
it is assumed that 100,000 acres will revert to
floodplain forest and 31,000 will revert to non-
forested wetland. The cost for this program for
the FPMA study floodplain will be similzw to the
existing CRP, assuming a 1O-year program at
$54 per acre per year. Total cost would be
approximately $71 million.

Wetlaad Reserve Program - Of the program

goal of 1 million acres, 22 percent (based on
existing sign-up) are assumed to be in the FPMA
States. Because frequently flooded, margina(
agricultural lands are “targeted” under this

Scenario 2 policy measure, we increased the
estimated percentage of emolled WRP acres in
the floodplain to 75 percent. This leads to

approximately 157,000 additional acres restored
if the program meets it goals. The cost would
be -$142 million baaed on current program ex-
penditures.

Restoring the integrity of the environment
is important for maintaining a high quality of
life, but it is ditlcult to evaluate many environ-
mental benefits in monetary terms. Obviously,
land acquisition cnd environmental restoration
end enhancement bear monetary cost, but costs

of a degraded environment can also be mecaurcd
in decreased productivity of natural systems (loss
of species, contaminated fish stocks, declines in
shellfish, etc.), which in turn ultimately affect
the health of humans.

While the impact of these programs on

flood damage reduction may be small for infre-
quent flood events (see Chapter 8), the range of
benefits generated by these progrmns haa been
estimated to be very large (Rlbaudo et al., 1990).
This is especially true if upland effects of the
programs are also considered. Unfortunately, a
detailed cost and benefit analysis for these and
other environmental initiatives was beyond the
scope of this assessment. It would be most
valuable to assess effects of these programs over
a wide range (frequency) of flood events and to
have the capability to link the biological re-
sponse with the hydrologic and hydraulic model
outputs to tndy integrate the analysis.

E. Expanded Buyout Options

To consider buyout options with added
weight given to environmental considerations
would expand the opportunities for buyouts.
Buyout options are to be considered rather than
easements when a permanent solution is prefera-
ble and the opportunity arises. Two constraints
on expmrding the use of buyouts are the initial
cost and the owner’s willingness to sell. The
costs are a matier of economics and must be
looked at on a case-by-case basis, although
considerable prelimin.my analysis beforehand
would allow for optimizing the pursuit of worth-
while opportunities. Assuming that it is worth-
while that some buyouts be pursued, the interest-
ing question is what mckes the landowner a
willing seller. The landowner has personal and
economic ties to his or her property.

1) Personal Considerations

To many farmers, their lad is a part of

their heritage and their way of life. They have
considerable personal investment in area schools,
churches, politics, businesses, and social relation-
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ships. Often, many members of their families
live nearby. To uproot them may cause consid-
erable duress. This impact may be even greater
if there is insut%cient availability of nearby lend
to fnmr. The degree to which a fsrmer feels he
is being adequately compensated will strengly
intluence his willingness to sell. If forced to
begin a new occupation in a new community, the
farmer’s unwillingness to sell mny be difilcuh tn
compensate.

2) Economic Considerations

The economic costs would include the
fmancinl cost of the uplnnd fenn site, the cost of
ecquiring equipment more suited to upland
fanning, and the cost of the move, to name tbrce
obvious examples, In the Missouri River bnsin,
the labor required to farm an upland ncre of
rolling to moderately steep hills cau be approxi-
mately 33 percent greater than to farm floodplain
land. Some reasons for this additional labor arc
the contour plowing required on the upleud hills,
more frequent turning of equipment, end slower
speeds to ensure that the large equipment re-
mains upright.

Besed on Iowa data, returns to mmmgement
for floodplain farmland with a minor degree of
flooding appeer tn be greater than returns tu
management for upland farmland. Over a 10-
year period, the calculated per-acre returns to
management for uplands that never flood were
less than for floodplain land where soggy field
conditions force late-planting ofsnybeans (giving
a yield 78 percent of normal) 2 years out of 10
nnd were only slightly greater than for floodplain
land on which the first crop was flooded out,
forcing a late repkmting of soybeans with 78
percent of normal yield, 1 year uut of 10.

A fsnner who owns his land, paying only
the tax levy, cnn financially withstand much
more in flood damages which are not reimbursed
by insurance then can a farmer who is making
rent or mortgage payments on the laud. The
cesh rent equivalent in the Iowa crop budgets
ranged tlom 32 to 39 percent of the calculated

gross receipts per ncre. It wns estimated that net
returns per acre for a floodplain ferrner who does
not own his owa lsad could become negetive

over a 10-year period if floods csused a mm-
plete cmp loss 1 yeer out of 10 sad flooded his
fmt crop, forcing a late pleating of soybearrs at
reduced yield, 1 year out of 10. The estimeted
net returns per acre for a floodpleia farmer who
owns his own lend could become negative over
a 10-yeer period if floods caused a complete
crop loss 3 yenrs out of 10 end his fmt cmp
flooded, forcing a rcphmting at reduced yield,
several more years out of 10. Of course, even
though farmers owning their own land em better
able to weather adversity, they still expect tn
eurrr a normnl profit over time.

3) Local Impncts

The other factor that has to be teken intn
account in buyouts is the loss to the community
and the lncel tax bnse that occurs. These agri-
cultural arens are generelly lacking in population
and infrastructure to provide a good tn.-xbase end
to support local commercial establishments. The
effect on local communities, businesses, end
taxing authorities must be considered in eny
successful buyout program.

Scenurio 3

Scenerio 3 emphasizes avoiding exposure to
flooding by avoiding development in the flood-
plain and encourages restoration of enviromnen-
tnl resources. The first of the two egriculturrd
policy elements for this scennrio is that cmp
insurance premium rates would reflect the actu-
arial risk for fanning in the floodplain mea. The
second element is expanded use of uplaad runoff
detention using tools such as terracing, no-till
fanning, and windbreaks to reduce peak runoff

aad sedimentation,

F. Actuarially Based Crop Insurance
Premium Rates

It is assumed that actuarially based means
the whole premium is paid by the investnr in a
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business enterprise with uncertain returns and
that the premium is commensurate with that risk
end snflicient over time tn meet all demands.
This would produce some trcnrendous benefits.
It would somewhat discourage fanning of mnr-
ginal lands. More importantly, it would save the
taxpayem a large mnormt of money by eliminat-
ing the transfer payment fmm the taxpayers to
those whose investment risk is partially subsi-
dized. It would avoid the unanticipated shocks
to the budget and to the economy. And, it
would allow market mechanisms to allocate
agricultural resources in a more efficient manner.
Conversely, it would also raise the cost of
prediction for some farmers and possibly cause
sume rise in consumer prices.

Another problem is that completely
actuarially based crop insurance is not feasible in
the purest sense of the definition. To base the
premium entirely on actual risk requires that tbe
risk for each parcel of land be accurately as-
sessed. This is an impossible task in other than
a somewhat generalized way. To track and

update risk history is also a chstlenge administ-
ratively.

Frnthermnre, without some subsidy of
premium, there may be little incentive for partic-
ipation. When a disaster strikes, based un
history, it is probable that disaster prryouta would

be made available to the uninsured.

The answer reasonably lies sumewhere
short of the extreme. By being more actuarially
based, the benefits mentioned would be realized
to an increased degree, There would be an
incrcnsed need for risk assessment and the
maintenance of onguing loss history recurds.
There would also reasonably bean ongoing need
fur some limited subsidy unless some uther
effective compliance mechanism could be fuund.

G. Upland Water Retention

The Scientific Assessment and Strategy
Team (SAST), in preparing its efforts for the
Galloway report, conducted an assessment of the
effects that upland mmmgcrnent practices would

have nn fluod flnws. The results of this assess-
ment arc presented in Chapter 7, Section IV: The
Engineered System of the SAST report (1994).
The SAST examined four watersheds in the
study area arrd, in three of the basins, mudeled
the potential effects of vtiuus land management
practices. In the fourth watershed, the SAST
examined the effects a significant increase in
wetlands develnpmcnt would have nn runoff.

For each alternative, total coverage of the
basin was assumed, thus estimating the msxi-
mum effect of the rdtematives on fluod flows.
The analysis examined the effects of these
alternatives at various flood levels. The results
varied tlum basin to basin, ranging fmm slightly
less then 1 percent to nearly 40 percerrt. The
combination of all alternatives showed very
significant reductions in peak flows for three of
the fuur basins. The high variation among the
basins points to the need for basin specific
analyses. FPMA results of further hydrdogic
modeling for the 1993 flood event are presented
in Chapter 8.

A summary of cur-rent land treatment by
State was generated by NRCS stetT fmm their
Natural Resuurces hrventory database (see
Appendix B). This information includes tntal

crophrrd acres, acres exceeding T (tulerable suil
loss), acres of highIy erodible soil, and for some
States, acres treated with specific cunservatiun
practices. These data can be used es a starting
point to assess the upland acres potentially
treatable in each State by various programs and
practices, and thereby assess what a reasonable
anrount of runoff reduction might be in vmious
parts uf the basin. We were. unable to complete
such en assessment fnr the FPMA.

Numemus studies indicate that upland farm
management practices that reduce runoff have
very beneficial effects in reducing soil erosion
and sedimentation, in impmving water quality,
end in enhancing fish and wildlife habitat.
There are also flood control benefits, primarily
on a more local level with the more frequent
levels of flouding, For the 1993 flood, on the
large tributmies and main stem Missuuri and
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Mississippi Rivers, these practices would not
have made a large difference. In the alternatives
mrafysis discussed in Chapters 8 and 9, there is
further discussion of upland water retention
measures,

Scenmio 1 Effect on Imuact Categories

A very small drop in some damage mrd
govermnent expenditure categories, mostly
related to ugricultare, is possible if the Federal
Crop Insurance Reform Act is implemented in
such a way that incentives to fram marginal land
nre reduced. The effect would be minimal,
involving only the relatively few acres within
this marginal category. The only two impact
categories that will surely see major chmrge we
Federal Crop Insursnce Corporation flood im.ur-
ance payouts and disaster assistance to agricul-
ture. Presumably, what once was paid in disas-
ter payouts might now go to the insurunce
system. Wetland acreage would increase by
roughly 14 percent (127,000 acres).

Scenmio 2 Effect on Imuact Cate~ories

The emphnsis given to environmental
considerations in levee repair criteria and to the
restoration of marginal agricultural lands would
be beneficial to most of the environmental
impact categories. Increases in wetland acreage
would increase significantly (32 percent) under
these measures. Agricultural damage and assis-
tance categories would be decreased by a small
amount. Of course, anything that removes

people or structures from the floodplain reduces
risk. Programs designed to move people and/or
economic pursuits from the floodplain must
consider all the social, economic, environmental,
and safety issues on a personal, local, regional,
rmd national level to be both worthwhile end
effectively implementable.

The approach directed by Scenmio 2 has
benefits und costs that vmy from one area to

another. If the present levee inventory was more
complete, including the continuing updating of

levee history and Geographic Information Sys-
tem (GIS) accessibility of levee alignments rmd
historical river configurations, including private

levees, a site-by-site umdysis would be facilitat-
ed. Local sponsor levee msintenamcc aud repair
need to be un integral pmt of m overall systemic
plan.

Scenmio 3 Effect on bn~act Categories

The two agricultural elements of Scenario
3 would net to reduce the incentive of subsidized
risk in farming in the floodplain end reduce the
size of my pmticuhw floodplain by reducing
upland mnoff. A more actuaririfly based insur-
uuc.e system would decrease agricultural damages
slightly and would eliminate ngsiculturally
related disaster payments.

The decrease in peak runoff (for the 1993
event) would slightly decrease damages and
disaster sssistunce, in general, but the primary
gain would be to local watershed areas in re-
duced flooding from frequent events and provid-
ing environmental benefits.

Summary : There is lots of uncertainty over
possible chaages in floodplain resources and
impacts resulting from reforms in agricultural
support policies mrd programs. From the per-
spective of the FPMA evaluation frumework, the
crop Insurance Reform Act of 1994 should
represent a signifimmt shift from agricultural
dissster assistance to crop insurance protection,
though it is not clear that a large reduction in
Federnl Government expenditures will result
because of the provisions that subsidize the
purchase of crop insurance. Restoration mrd
conservation programs have the potential to
contribute to enhanced natural resource values
and to reduce exposure to flood damages, but
their limited size (the Conservation Reserve
Program excepted) makes it unlikely that
large-scale floodplain lnnd use conversions in
rural areas will tuke place. They might prove
significant, however, in conversion of marginal
lands that would then begin to reestablish the
naturul floodplain patches necessary to improve
the integrity of the river ecosystem. A inure
rigorous review of levee repair criteria would
help to ensure that funding for repairs is most
efficiently applied.
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FhOnm

Statements reflecting the outcome of
research and amdysis completed in the review
of poficy and program measures covered in
this chapter are provided below. Additional
information and data on some of these points
are found in Appemdix B (Evaluation) to this
report.

NATIONAL FLOOD INSURANCE

7-a) The definition of “floodplain location;’
using the 100-year flood outline, may not he
adequate. Twenty-four percent of all losses
covered hy the National Flood Insurance
Program for the period 1978-1993 were for
damages outside (above) the 100-year flood-
plain. Some of these problem areas are
related to high groundwater from heavy
rainfall or poor interior drainage not directly
related to a general condition of overbank
flooding.

7-b) Compliance with prior flood insurance
requirements has not afways been adequate to
ensure purchase of needed insurance. NFIp
reform legislation in 1994 now requires lend-
ing institutions to ensure that flood insuranu?
for mortgagea on structures within the 100-
year floodplain is obtained and maintained.

7-c) The Community Rating System (CRS)
under the National Flood Insurance Program
has potential to decrease the national expo-
sure to flood risk by improving floodplain
management and flood damage avoidance
capabilities at the locaf level. The CRS is a
program of the Federal Insurance Adminis-
tration to award reductions in flood insurance
premiums based on the effectiveness of a
community’s flood preparedness, damage
reduction measures, mapping and regulations,
and public information about flood hazards.

STATE AND LOCAL FLOODPLAIN MAN-
AGEMENT AND ZONING REGULATIONS

7-d) State rmd local floodplain zoning aad

r~latlon could be most effective in add~s.
ing criticaf facilities that have the potential for
toxic or hasardons releases by imposing
stricter requirements for the siting of these
facilities.

7-e) Improved floodplain maaagemcnt,
incfudhg land use planning, zoning, and
enforcement at the local and State level, can
reduce flood related damages. There are still
communities and municipalities witbout zon-
ing ordinances to reduce flood risks or plans
to mitigate flood related damagea.

RELOCATION, MITIGATION, AND DI-
SASTER RELIEF

7-9 Flood haaard mitigation options, partic-
ularly acquisitions (huyonts) of substantially
damaged residential structures, have been a
more prominent part of the Federal response
in recovering from the 1993 Mldweat flood.
The process is underway for more than 8,000
parcels in the 1993 flood area (most are
residential structures) to be acquired as part
of the strategy to avoid repetitive flood dam-
age in vulnerable floodplain locations. Close
to $200 million, largely in FEMA Section 404
Hazard Mitigation Grant funds and HUD
Community Development Block Groat funds,
has been made available to pursue hazard
mitigation projects in tbe 1993 flood area,
with hy far the largest share directed toward
acquisition of damaged properties.

7-g) The Hazard Mitigation and Relocation
Assistance Act was sigoed into law on Decem-
ber 3, 1993. It increased from 10 percent to
15 percent the share of totul Federal disaster
assistance that can be devoted to property
acquisition and relocation projects, and in-
creased tbe Federal cost share on efigible
hazard mitigation and relocation projects
from 50 percent to 75 percent. The adtiltionaf
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funds and larger Federal cost share in paying
for the projects has significantly increased
interest by the Ioccd governments and commu-
nities affected.

7-b) The National Flood Insurance Reform
legislation, Titfe V of the Riegle Community
Development and Regulatory Improvement
AcG was signed into law on September 23,
1994. Section 1367 establishes a new National
Flood Mitigation Fund, with funding increas-
ing to $20 million annually in Fiscaf Year
1996 and beyond, financed from NFIP premi-
ums, to pursue future flood mitigation pro-
jects. Section 1366 provides up to $1.5 million
annually from the National Flood Mitigation
fund for mitigation planning assistance to
States and communities.

7-i) Future Federal expenditures could be
reduced by not providing disaster assistance
for structures on Federally leased land (cot-
tage leases afong the Mississippi River). This
could be implemented as a condition of lease
renewal.

7-j) Future disaster assistance and insurance
needs could be significantly reduced if the
problem of repetitively damaged structures is
firmly addressed through implementation of
existing regulations by local, State, and Feder-
al agencies.

7-k) More extensive reliance on flood insur-
ance would better assure that those who
invesL build, and live in the floodplain accept
appropriate responsibility for the damages
and other losses that result from floOds.

7-1) More emphasis is now being placed on
use of flood hazard mitigation measures,
especially acquisitions of flood-prone struc-
tures, as an action that will reduce repeated
Federal disaster expenditure.v and other costs
associated with areas of widespread and
potentially substantial repetitive flooding.

FLOODPLAIN RESTORATION

7-m) The difference between “natural flood-
plain restoration” and “wetland restoration”
is an important distinction to make. Restora-
tion of the natural floodplain requires changes
in the levee system to restore natural hydro-
logic functions and create the linkage back to
main channel areas.

7-n) Conversion of agricultural floodplain
lands to wetlands and natural floodplain
would have reduced paymemts for agricultural
damagea.

%0) A stream restoration program that
could enhance over 1,000 miles of tributary
rivers and streams in each State in the FPMA
study area would require a budget similar to
the Wetland Reserve Program.

7-p) Wetland restoration programs are
typically underfunded relative to the interest
in participating in those programs.

7-q) A broader program to minimize the
impact of local government’s lost tax revenues
resulting from land conversions would be
beneficial and could reduce some of the oppo-
sition to these programs.

7-r) Conversion or restoration of a smafl
percentage of agricultural land use to wetfand
or other natural conditions can significantly
increase the existing percentage of natural
floodplain acreage.

7-s) Current theories on floodplain function
predict that the area needed for an improve
ment to the natural biota is probably fairly

small and that restoration of a seriti of natu-
raf floodplain patches (a string of beads)
connected by more restricted river corridors
would be practical and beneficial.

7-t) Convesting floodplain agricultural land
to natural floodplain vegetation wonld not
reduce stagm but would marginally reduce
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damage payments in the 1993 Midwest flood.
Agricultural use of the floodplain is appropri-
ate when the residual damage of flooding is
understood and accepted within a financially
sound program of crop insurance and flood
damage reduction measures and when it is
compatible with the risk to natural floodplain
fanctions.

AGRICULTURAL SUPPORT POLICIES
AND CROP INSURANCE

7-U) The Federal Crop Insurance Reform
Act of 1994 has replaced disaster assistance
for agricultural crops with a prepaid insur-
ance system for aIl farmers participating in
other Federal farm programs.

7-v) The “Farm Bill” and associated incen-
tives for production or set-aside can have a
major effect on floodplain land use and,
thereby, a major influence on the environ-
mental quality of the floodplain-river system.

7-w) Use of acreage reserve, acquisition, and
environmental restoration programs is an
effective way to remove vulnerable agricrdtur-
al production from marginal lands and to
generate many environmental benefits.

7-x) Acreage reserve programs in upland
areas have significant environmental benefits
in the areas such as water quafity, reduced
sedlmentatiun, increased wildlife habitat, and
reduced peak runoff for local flood reduction
benefit for frequent events, but do little to
reduce stages on the main stem rivers for
catastrophic events.

7-y) Levee repair criteria are not sufficiently
based on repetitive break history, mainte-
nance history, environmental considerations,
hydrrdogic analysis, economic analysis, or
system-wide effect.

7-z) Although much prugress has been made,
in this assessment aud before, toward com-
pleting a GIS-based levee inventory, more

needed work remains, especially concerning
private levees, histnric river configurations
and hydrulugic history, cultural resources,
and environmental and economic land use.

7-aa) There is sufficient reasun and support
fur State and Federal agencies to examine the
justification fur private levees that encroach
the floodplain and diminish the integrity uf
Federal levees.

7-bb) There is ample evidence that a major
prublem with existing levees is that, in many
cases, inadequate resources are being devoted
to ruutine maintenance, causing decreased
levels of protection and increased interior
pondlng behhd levees.

7-cc) Acquisition of marginal farmland and
environmental restoration of that land shuuld
be evaluated on both a site-by-site and sys-
tem-wide basis. This will help to ensure that
the acquisitions are cunsisteut with systemic
management goals and ensure that limited
funds are spent most efficiently.

7-old) The purchase of agricultural or devel-
opmental interests throngh buyout programs
must take into account the needs of tbe seller
and the local community, business community,
and all taxing authorities to be well received
and successful.
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CHAPTER 8- HYDRAULIC MODELING OF “ACTION ALTERNATIVES”

INTRODUCTION

As discussed in Chapter 4, which de-
scribed the Floodplain Management Assessment
(FPMA) evaluation preccss, the impacts of action
alternatives, or those alternatives which would
affect the hydrologic and hydraulic conditions in
the floodplain, are to be measured against the
1993 flood as a base condition. An initial step
was to perform hydraulic routings of these altern-
atives to determine changes in river stages so that
the impacts of such changes could be identified
and evaluated. Systemic hydraulic routings, or
continuous hydraulic modeling on the entire
reaches of the middle and upper Mississippi and
lower Missouri River main stems, have been
accomplished on some of the alternatives, whereas
others have been evaluated on impact study
reaches or as individual case studies. Those
alternatives that have been evaluated systemically
include: (The letter designation relates to the
corresponding column in the impact matrix tables
in Chapter 9.)

L - Removing all agricultural levees.
M - Setting back agricultural levees.
N - Establishing uniform height 25-year levees.
0- Raking all levees so that the 1993 flood would
have been confined.
S - Removing existing reservoirs.
V/W - Reducing upland mnoff by 5 and 10 per-
cent.

Other alternatives that have been evaluated but not
on a systemic basis included:

K - Limiting floodlighting.
P - Providhg 500-year protection for urban areas.
Q/R - Providing 500-year protection for critical
facilities (priority sites and all sites).
T - Providing additional reservoirs.
U - Revising operation of reservoirs.

These alternatives were analyzed to

address floodplain cmrdltions and study objectives
as outlined in the correspondence authorizing the
study. Many questions have been raised follow-
ing the 1993 flood concerning the impact levees
have on flood stages. Questions have also been
raised regarding the benefits of wetlands or other
runoff reduction measures on reducing flood
peaks. Various alternatives involving structural
and nonstructural measures for the existing agri-
cultural levees and upland retentiotiwatershed
measures were investigated. Evaluation of levee
action alternatives focuses on agricultural levees
because the vast amount of land protected by these
levees offers the potential for storage of flood-
waters. In most cases, limited opportunity for
storage or conveyance of floodwater exisls behind
urban levees because of the relative size of the
protected area compared to the cost of acquisition
and relocation.

Scope of Hydrologic Model

While existing forms of flood protection
reduced or prevented damages to many properties,
these measures often proved inadequate to with-
stand the magnitude of flooding experienced
during 1993. Within the hydraulic perspective,
the assessment will focus on identi&ing facilities
which require additional flood protection, assess
the adequacy of current flood control measures,
and evaluate alternatives to the current flood
control system. In response to hydraulic require-
ments of the FPMA, development of a compre-
hensive system-wide modeling tool of the Mis-
souri River, Mississippi River, and significant
tributaries was required.

An unsteady flow modeling tool was
necessary to adequately evaluate floodplain
management and assessment alternatives on a
system-wide basis. An unsteady flow model is
suited for evaluating long reaches of rivers where
the dynamic effects of levee breaches, backwater
conditions, shallow bed slopes, and varying flow
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rates along the river are important. An unsteady

flow modeI was cmstrrrctcd of the Mississippi and
Missouri Rivers and significant tributary rivers.

Corps District offkes along the Mississippi River
include St. Paul, Rock Island, and St. Louis.
Corps District oftices along the Missouri River
include Omaha and Kansas City. WMle coordi-
nated with all involved Corps Districts, each
unsteady flow model was developed indepen-

dently. System-wide routing was then performed
for all conditions examined between adjacent
Districts.

The development of a system-wide un-
steady flow model was a critical element nf the
FPMA hydraulic analysis which reqnired substasr-
tial effort. Prior to this effort, a single system-
wide model of sufficient accuracy was not avail-
able which would allow an impact assessment of
a variety of structural and nonstructural measures.

Employing the unsteady flow mndel, many diffw-
ent alternatives were assessed system-wide to
determine how the 1993 flnnd wmdd have chang-
ed. FPMA alternatives analysis sometimes re-
sulted in unexpected consequences and illustrated

the need for thoroughly investigating all et%cts of

any prOposed modification to the existing system.

Unsteady Flow Model

The mathematical computer model pro-
gmm UNET, developed and programmed by Dr.

Robert Barkau, was chosen as the tool to perform
the FPMA unsteady flow modeling. UNET is a
one-dimensional, unsteady flow program which
simulates unsteady flow through a full network of

Open channels and rese~Oirs. Unsteady flOW
routing accounts for the variation in flow with
both time and space. UNET is considered a
complete dymwrric wave model since it solves the
full St. Venants equations of momentum and
continuity. The UNET unsteady flow model was
used for the FPMA analysis because it has the
ability to account for the timing of tributary
inflows, critical backwater effects in the routing,
simulation of volume reduction caused by levee
overflow or breaching, and the effects of storage

witbbr the floodplain.

An irsrpmtarrt feature of the UNET model
for mndeling the 1993 event is the simulation of
levee overtopping or breaching and the transfer of
flow from the main river into the storage area
behind the levee. Witbin UNET, the usual levee
algorithm simulates levee systems as storage cells
defined by parameters which describe the stage-
storage relationship of the protected area. In
1993, many of the agricultural levees within the
Kansas City District overtopped as flood stages
exceeded the design height of tbe levees by sev-
eral fet. On the third and highest flnnd cresL
virtually all agricultural levees were over-topped
and there was significant overbank flow. Breach-
ed or overtopped levees were observed to function
under two geometric conditions one in which
levees constrained the flow to the channel, but
provided storage behind the levees; and the sec-
ond in which the levees no longer constrained the
flow, and the overbank actively conveyed water as
if the levees did not exist. Therefore, Dr. Bsrkau
developed a new levee algorithm for the UNET
progmnr which, based on discharge conditions,
simulates levees as storage cells or routes flow
through the entire width of the floodplain.

UNET Model Development

Separate UNET models were developed
by each of the involved Corps Districts and linked
together to provide a systemic modeling tool.
UNET modeling was performed on the Missis-
sippi River from Lock and Dam 10 at Gutenberg,
Iowa, river mile (lWI) 615.0, downstream to
Cairo, Illinois, RM 0.0. Modeling on the Missouri

River extended from Gavins Point Dam, at m
811.1, downstream to the confluence with the
Mississippi River. Numerous major tributaries
were also included witbin the UNET mndels as
routing reaches. Along the Missouri River reach,

the UNET models combine for a total of811 main
stem river miles, in excess of 20 tributary routing
reaches with a combined length of over 470 river
miles, and a total number of cross sections in
excess of 2,000. Along the Mississippi River
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reach, the UNET models combine for a total of
615 main stem river miles, rmre than 20 tributary

routing reaches with a combined length of over
500 river miles, and a total number of cross sec-
tions in excess of 1,500. Refer to the Hydraulics
and Hydrology appendix (Appendix A) for addi-
tional information regarding UNET model devel-
opment.

1993 Event. Base condition and alternative
analysis focused on the 1993 event. Simulation of
the 1993 event with the unsteady flow model was
complicated by the wide variation in discharge
within the modeled reach. Within the main stem
river reaches modeled, estimated flood frequency
varied from 10-year to in excess of 500-year.
Peak discharge observed at U.S. Geological
Survey (USGS) gaging stations within the Mis-
souri Rker modeling reach ranged from 115,000
cubic feet per second (cfs) at Omaha, Nebraska, to
750,000 cfs at Hermann, Missouri. The wide
variation in dkcharge illuskates the importmce of
correctly simulating tributary inflows with an
unsteady flow model.

Model Geometry. Model geometry was com-
piled from available sources. No additional data
was collected during the FPMA for purposes of
enbrmcing model accuracy. Main stem channel
geometry was generally developed from existing
cross section data. Overbank geometry was taken
horn USGS 7.5-minute quad sheets in most cases
and additional survey data where available. Most
Missouri River channel geometry was compiled
from survey data collected in the 1970’s. Tribu-
tary geometry employed within the UNET models

was generally taken from USGS 7.5-minute quad
sheets or actual survey data where available.
Cross section interval within the four UNET
models varies from 0.2 mile to 2.0 miles.

Model Inflow. UNET model inflow consisted of
USGS gaged inflows and estimated local inflow

representing ungaged drainage area. Separate
tributary routing reaches were included to route
tributary flow from the USGS gaging station
downstream to the main stem river. Among the

four UNET models, in excess of 100 inflow
hydrography were used.

Calibration. The UNET model developed by

each Dis@ict was calibrated to the 1993 flood and
other major flood events. Calibration efforts
focused on reproducing 1993 observed stage
hydrography at gaging stations along the main
stem river and veri&ing with discharge measure-
ments. Calibration parameters within the UNET
model allow the variation of conveyance with
depth. Calibration was performed for the entire
range of discharge experienced during the 1993
event to reproduce observed hydrography for the
time period June 1 to September 1. The calibra-
tion effort focused on reproducing peak stages.
Calibration efforts were very successful with
reproducing observed hydrogmpb shape. The
calibrated medel rcpreduced observed peak stages
withirr 0.3 fcmt at most locations. A representative
plot comparing observed and computed UNET
mcdel stages is shown on Figure 8-1. Additional
data and plots related to calibration are included
within the Hydrology and Hydraulics appendix.
The calibrated model represents the base condition
for the comparison nf all alternatives.

Systemic Analysis. UNET analysis was per-
formed on a system-wide basis encompassing the
lower Missouri River arrd middle and upper
Mississippi River basins. In order to conduct a
continuous systemic analysis, it is necessary to
transfer stage and flow data between UNET
models. Data transfer locations between Corps

Districts (and UNET mndels) were selected based
on availability of dependable gage data, Corps

District boundtwies, backwater conditions, and
cross section geome~. Geometry data within the
upstream UNET model overlapped the down-
stream UNET model to eliminate the influence of
the downstream boundary condition on computed
results at the transfer location. Transfer locations
between UNET models were, on the Mississippi
River, at Lock and Dam 22 tailwater (RM 301 .1)
and, on the Missouri River, at St. Joseph, Missouri
(RM 448.2), and Hennann, Missouri (RM 97.9).
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Levee Modeling. Simulation of the 1993 event
with the unsteady flow model was complicakd by
the breaching and overtopping of numerous

Federal and private levees at various times during
1993. Levees in the base condition model imlude
height added to the levee crown during floodfight
operations. Although the additional levee height
in many cases did not prevent levee breaching or

overtopping during the 1993 flood, it did affect the
timing at which it occurred. Had additional height
not been added to the levees, overtopping would

have occurred much earlier in the event. Levee
breaches in the base condition model were repro-
duced on the dates and times they actually oc-
curred when data was available. When the actual
timing of levee breaching was not available, the
timing was estimated based on gage data. In all
other alternatives modeled, levee overtopping was
dependent on the relationship between the levee
crown elevation and the water surface elevation of
the river. Timing of levee breaching or overtop-
ping plays an important role in determining the
effects levees have on flood stages. Levees which
breach close to the peak of the event may have a
substantial impact on flood stages. Results of the
base condition analysis closely matched the 1993
flood event and indicate that the UNET model
successfully computed the impact of levee breach
or overtopping on main stem river flows and
stages.

DESCRIPTION OF SYSTEMIC
ALTERNATIVES

Agricultural levee alternatives include

levee removal, levee setback, levee confinement
to contain the 1993 event and altering levees to
provide only a 25-year level of protection. Sys-
temic upland retentiotiwatershed measures in-
clude no Federal reservoirs and runoff reductions

of 5 percent and 10 percent. All the above alter-
natives were system-wide and included passing
flow and stage information from upstream Dis-

tricts to downstream Districts. Impact study reach
evaluations were also completed for several
isolated reaches which examined alternatives such
as revised reservoir operation and floodfighting.

Those evaluations are discussed in detail later in
this chapter. Figures 8-2 through 8-13 show the
fled extent of the base condition and the system-
wide alternatives at two InCations withh the study
area.

Agricultural Levee Alternatives The effects of
several alternative agricultural levee heights and
locations were analyzed employing calibrated
UNET models developed for the base condition.
Geometry of urban levees was not modified. For
each alternative, the base condition UNET model
was modified to reflect geometry changes required
to simulate the effect on conveyance within the
model. Calibration parameters determined in the
base condition were not altered for any of the
alternatives. Modification of tie UNET model
geometry was necessary for each of the agricul-
tural levee alternatives. Since no Federal agricul-
tural levees exist either upstream of Omah~ on the
Mksouri River, or upstream of Lock and Dam 10
on the Mississippi River, only the UNET models
downstream of these locations were used to assess
the systemic alternatives.

Levee Removal Alternative. For this alternative,
all agricultural levees were removed. Selectior of
roughness values for the flow area after the levee
has heen removed has major impacts on computed
results. Effective flow width assumed for each
cross section following levee removal is also
important. Simulations were pefiormed witi both
a minimum and maximum rmsghness value for the
overbsnk area.

Roughness values were selected to pro-
vide a reasonable lower and upper bound for
computed results. Various forms of land use
within the overbmrk such as farming and natural
habitat will have considerably different roughness
values. Levee removal will remove channel
constraints such that channel meandering and
overbank sediment deposition may actually reduce
channel conveyance. The roughness values

chosen for the area between the existing agricul-
tural levees and the bluff represent a low value for
agricultural conditions and a high value for natural
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or forested condkions. Land use between the river
and the existing levee was assumed to remain the
same ssitis now. Variation irrchsnnelmughness
was not examined. If levees were removed and
the channel was no longer maintained for naviga-
tion, channel roughness values may increase as the
river adapts tn the change.

Removing the levee provides significant
additional flow area since cross sections are
generally several miles wide. However, removal
of the levee would not result in an effective flow
width equal to the entire valley width. Physical
factors such as channel meandering, vegetation,
topography, structures such as roads and railroads,
and other components will restrict effective flow
width to a value much less than the cross section

width. Due to the numerous natural and con-
structed obstructions within the conveymrce area,
effective flow width is much less than the cross
section width. As a result, the nn levee UNET
model would overstate the available flow area
when the levee flow constriction is removed frnm
the cross section. However, the roughness values
used in the model were adjusted to account for
those ineffective flow areas.

Modifykrg the UNET model to accurately
reflect the conveyance changes at every cross
section was not practical for this assessment.
Therefore, effective flow width and other factors
which reduce cross section conveyance were
included in the UNET model by adjusting rough-
ness values. Manning’s n values were increased
from 0.04 for agricultural land use to 0.08 and
from 0.16 for a natural wooded floodplain to 0.32.
Tlrk adjustnrent is the same as reducing the over-
bank effective flow area by 50 percent. A rough-
ness value adjustment does not reduce the area
available for overbank flood storage. Because of
these assumptions, computed results for the levee
removal alternative should be regarded as esti-
mates. More precise and accurate simulation of
this alternative would require the construction of
rm entirely new model and detailed studies to
determine the long-term effects of vegetating and
sedimentation within the floodplain on convey-

ance.

Cost analysis performed for removal of
the existing levee assumed that 10 percent of the

existing levee wnuld be remnved to provide
sufficient conveyance beyond the existing levee
alignment. A figure of 10 percent corresponds to
removal of approximately a 200-foOt levee seg-
ment witbin every 2,000 feet. Actual levee re-
moval areas would be site specific, dependent nn
channel and levee alignment.

Levee Setback Alternative. The UNET model
was employed to analym. the effect on flow condi-
tions throughout the study reach for a systemic
setback of all agricultural levees on the middle
and upper Mississippi and lower Missouri Rivers.

Setback of a levee refers to moving the levee from
the present location to a new location which is

farther from the river. Levee setbacks are in-
tended to increase the cross section flow width
instead of constricting the flow area tn a narrow
channel. Effects of levee setbacks in limited
reaches are discussed in the Case Studies section
of this chapter.

Levee setback distance was perfnrnred by
adjusting the minimum distance between left and
right bank levees, or the bluff line, to increase the
floodway width. Minimum floodway width was
set at 5,000 feet or increased to 150 percent of the
existing floodway width in some locations.
Setback levee height was maintained at the exist-
ing levee height.

Alternative Variation. A variation on

this akemative was modeled for the middle and

uPPer Mississippi ~lver. This vtiation assumed
the agricultural levees were set back as described
above, but were raised high enough to prevent
overtopping by the 1993 flood event. This re-
sulted in changes of stage of-1.4 feet at Lock and
Dam 16, -0.6 foot at Burlington, +1.6 feet at
Quincy, +2.8 feet at Hannibal, -0.5 foot at Graft-
on, and -0.5 foot at St. Louis. Refinement of this
alternative could result in higher or lower stages at
any of these locations. Additional details on this
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sltemative rrrc provided in Appendix A.

Levee Confinement Alternative. For this alter-
native, aI1agricultural levees were raised infinitely

high such that the 1993 flood event was confined
tn the mea between the existing Ievees. All exist-
ing levees were raised regardless of the current
level of prntecticn. Levee locations or roughness
values were not altered for this alternative. #m
additional 3 feet to account for risk srrd uncer-
tainty was added to the confined water surface
elevation for the construction levee height when
performing cost analysis. This alternative is the
smne as the “Raking Levees above the 1993 Floed
Levels” alternative evaluated in Chapter 9.

Levee Height at 25-year Level Aftemative. For
this alternative, the height of all agricultural levees
was set to correspond with an estimated 25-yesr
profile based on previous hydrology. Federal
levees, which are currently higbertharr the 25-year
elevation, were notched to sn elevation equal to
the 25-year elevation. Levees which are lnwer
than the 25-year level were raised to the 25-year
elevation. The levee notch was designed as sn
erodible plug. When flood levels exceed the 25-
yesr level, the levee notch is eroded rrnd tbe cell
tills with water. In this msrmer, the levee cells

along the channel act as detention basins to store
water when river elevations exceed the 25-yesr
elevation.

‘Each levee cell was assumed to include a
mnstmcted notch at the upstresm nnd downstream
ends. The notch would consist of a lowered
section which would act ss a fuse plug of erodible
material. The notch would consist of sn erodible
core material overlain with a top layer, The notch
would be designed to erode in a non-catastrophic

manner. The downstream notch would be con-
structed at the 25-year elevation. The upstream
notch would be constructed at the 25- yesr eleva-
tion plus 3 feet. Levees that must be raised (are
currently below the 25-year level) should be
constructed at the 25-year elevation without nny
freeboard. For UNET modeling purposes, all
breaches and overtoppings assumed that the

erodible plug would function such that me interior
levee cell would till in a 24-bnur perind. The
hydrmdics srrd hydrology appendix shows levee
dats used in the UNET model.

Upland Retentiomil%’atershed Measures

Vsrious policy and structural measures
exist which may affect inflow rstes to the river
system. The UNET model wns employed to
investigate system performance for different
uplsrrd retention and watershed measures. For the
evaluation of these measures, no modifications to
UNET medel genmetry were performed. Assess-
ment was perfnrrned by adjusting inflow hydm-
graphs to the UNET model for each scensrio
exsrnined.

5 and 10 Percent Runoff Reduction. For this
alternative, measures which would reduce the total
mnoff volume during the 1993 flood were evalu-
ated by reducing main stem srrd tributsry inflow
hydrography to the model by both 5 and 10 per-
cent. Based on the St. Paul District’s prelimirrsry
studies of wetkurd storsge and other uplsrrd reten-
tion measures, it wss estimated that the mnximum
available storage with 1993 flood antecedent
conditions would reduce the totsl runoff volume
into the Mississippi and Missouri Rkera between
5 srrd 10 percent. Depending on individual drsin-
age bssin characteristics, some tributary bssins
could store more than 10 percent nf the baain
runoff volume, snd some tributsry basins have
little or no uplsnd retention storage available. To
simpli& the UNET modeling, all the inflow
hydrogmphs were reduced by an equal percentage.
Also, in reality, runoff reduction would not be
distributed equally over the total inflow hydro-
grapb but instead would have a major impact on
the shape of the inflow hydrography at the begin-
ning of the 1993 event snd would have little or no
impact on the peak discharges and stsges 00 the
river.

Without Federal Reaerwoira. Simulation of this
alternative was performed to assess the effect of
Federal reservoirs on the 1993 event. Lsrge
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Federal reservoirs which significantly affected
river flows include. the six main stem dams on the

Missouri Rker and in excess of 40 dams on
tributaries within the UNET model reach. The
without reservoir hydrography were computed by
the Reservoir Control Centers and were used as
UNET model inflow instead of the 1993 drserved
hydrography with reservoir holdouts. All other

IX@n@em were unchanged from the base condi-
tion.

SUMMARY OF SYSTEMIC HYBRAULIC
ROUTINGS

Output Formats

Output of the UNET model consists of
hydrography at specified locations, maximmrr flow
and water surface elevation profiles for each
reach, storage cell stage hydrography, and levee
connection flow hydrography. Computed data
from the UNET model was extracted and summa-
rized to allow the evaluation of the base and
alternative conditions. A graphical representation

of Missouri River and cell peak stage variation
from the base condition at selected locations is
shown in the hydraulics and hydrology appendix.

Hydrogrcphs. Plotted stage hydrography at
selected locations for tfie base condition and
various alternatives arc shown in the hydraulics
and hydrology appendix.

Peak Flow and Stage. A tabulation of Missouri
and Mississippi River peak flows rmd stages for
the base condition compared with varinus altern-
ativesare shown in Tables 8-1 through 8-4. Addi-
tional locations are shown in the hydraulics and
hydrology appendix. Tabulation location corre-
sponds with the gaging station locations. Evalua-
tion of any alternative must examine both flow
and stage to consider all effects of the alternative.

Flood Boundaries. An approximate outline of
flood hmmdaries was developed for each akema-
tive. Examples of the flood boundaries for vari-
ous alternatives for the Mississippi River for the

reach between Muscatine and Hannibal arc shnwn
on Figures 8-2 through 8-7. Examples of the florid

bormdaries for various alternatives for the Mis-
souri River for the reach between Omaha and
Rulo are shown on Figures 8-8 through 8-13.
Similar mapping of other reaches is available as
described in attachment 8. Topographic
representation of the study area was obtained from
USGS 7.5-minute quadrangle topographic maps.
Quad map contour interval varied from 5-foot to
10-foot. For areas behind the Federal levee cells,
flood houndaries were determined using the peak
stage determined within the levee cell by the
UNET model. Interior drainage and local runoff
were not modeled by UNET and not considered
when determining flood boundaries. The density
of available topography from the quadrangle
sheets restricted the accuracy of the flood bound-
aries.
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Systemic Aaafysis Rexrdts

Examination of the results illustrated
several interesting aspects of applying the alterna-
tives on a system-wide baais. Results were

examined to compare base and alternative con-
ditions with respect to hydrography timing, peak
flow, peak stage, levee overtopping and stages
within levee cells, and flood duration. When
comparing alternatives, all parameters such as
peak flow, stage, and levee cell stage must be
examined throughout the entire reach to com-
pletely evaluate the effects of each alternative.
Specific comments regarding the effects of mod-
eled alternatives are as follows:

River Stage. In general, the largest

stage reduction was achieved with the levee
removal alternative for the low roughness condl-
tion. Compared at most tabulated locations, both
the levee removal alternative and the 25-year
notch alternative provide stage decreases which
exceed the decrease computed for the runoff
reduction alternatives. The confined levee
alternative produced the highest stage increase.

Stage reduction ia not uniform throughout
the system for any of the alternatives. Fhrctua-
tiona in computed stages are the result of systemi-
cally combining the bnpacts of inflow hydro-
graphy with changes in the time and number of
levee breaches which occurred. Examimtion of
stage, discharge, and the time at which levee
breaches occur at a location often explaina why
the computed stage appears to be inconsistent.
One scenario which describes how stage fluctua-
tions occur is as follows:

1) The alternative reduces discharge
and/or lowers stage at point A.
2) The levee at point A does not breach
or breaches at a later time (compared to
base condition).
3) Additional flow continues downstream
since the levee cell no longer stores
water.
4) Stage and/or discharge at point B in-

crease when the additioml flow from
point A is combined with the timhrg of
other inflows to point B.

River Discharge. The largest reduction

in discharge at most locations was computed for
the levee removal alternative with natural fOr-
ested floodplains. The levee corrllmement alterna-
tive produced the highest increase in dkcharge.
Compared at most tabulated locations, both the
levee removal alternative and the 25-year notch
altermtive provide discharge decreases which
exceed the decrease computed for the runoff
reduction alternatives. An alternative which
produced a discharge decrease may often corre-
spond with an increase in stage due to changes in
roughness, hydrography timing, or levee breach-
ing, Some alternatives also increase discharge
which then has a negative impact at forther
downstream locations.

Hydrography Tfming. Many of the
alternatives dramatically affected the time at
which peak stages and discharges occurred. For
example, both the levee removal and 25-year
levee height alternatives shifted the time at which

peaka occurred by 2 to 4 days at many locations.
Since the timing of inflow from the major tribu-
taries does not change, some alternatives pro-
duced unexpected stage increases when the
timing shift caused by the alternative happened to
coincide with the tributary peak time of inflow.

An example of how the 25-year levee alternative
altered the time at which peak stages occurred at

Quincy, Illinois, is shown on Figure 8-14.

Levee Cefls. A negative aspect of some
alternatives is that either the flooded area or the

peak stage within the levee cell increased.
Changing storage volume withbt levee cells also
affects downstream flows and stages.

Noted Hydraufic Impact.% Several
additioml impacts which were noted from
examimtion of results are as follows:

The performed analysis illustrates that no
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single alternative provides beneficial results

throughout the system. Applying a single policy
system-wide will cause undesirable consequences
at some locations. Examination of many factors
such as computed peak stages, discharges, and
flooded areas and depth is necessary to evaluate
how an alternative affwts performance of the
flood control system as a whole.

Several of the alternatives altered hydro-
graphy timing. A complete evaluation is required
prior to implementing any alternative to investi-
gate performance for a variety of events with
different inflow characteristics. The model
illustrated that alternatives which provide a local
beneficial impact by reducing flows and stages
may cause downstream consequences when the
timing of levee overtopping and hydrography

peaka is altered and peak stages are increased.
Alternatives which altered tinimg often produced
stage increases at unexpected locations.

Results of the levee removal alternative
illustrated that all model results which determine
a stage and discharge reduction are extremely
dependent upon aasmnptiorra regarding floodplain
use and flow roughness. A change in channel or
overbank roughness from the conditions assumed
may significantly alter computed results.

The mnoff reduction, levee removal, and
25-year levee height aftematives all reduced com-
puted peak flow and stage at many locations.
Reductions for the levee removal and 25-year
levee height alternatives were possible as the
result of flooding additional agricultural land.
Runoff reductions would also require the addi-
tional inundation of a significant land area to
store 5 or 10 percent of the mnoff volume.

Simulation of the 1993 event and the
various altermtives illustrated several positive
and negative aspects of floodplain mamgement.
The FPMA study focused on the 1993 event
only. Other events may generate different con-
clusions. Applying what appears to be good
floodplain strategy withii a limited area can have

undesirable effects at other locations within the
river system. Employing an unsteady flow mcdel
to simulate the 1993 event and alternatives illus-
trated that the entire system must be evaluated as
a whole and not in individual segments. Several
of the alternatives examined showed potential for
decreasing damage associated with an event
similar to 1993. However, the cost of implem-
enting these alternatives must also be con-
sidered.

Extrapolating conclusions obtained from

analysis of 1993 event modeling may be errone-
ous with respect to other events. For example,
determining whether any individual levee cell
will overtop varies for each alternative and flood
event. An individual cell may or may not
overtop dependhg upon the river flow, tributary
intlow, and levee overtopping either upstream or
downstream of the individual cell. Levee over-
topping and breaching parameters also vary
including time of overtopping or breaching,
computed flow, and pending depth and duration
with the cell.

Study results proved that a system-wide
hydraulic analysis is required to properly evalu-
ate alternative projects rather than looking at
each independently. Basin-wide planning is
required to completely evaluate effects of pro-
posed alternatives along the Mississippi and
Missouri Rivers. Future levee and floodplain
development must be evaluated on a system-wide
basis employing accurate modeling techrdques.
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I
EXAMINATION OF UPLAND RETENT’ION-
/TVATERSFIED MEASURES

Upland retention and watershed measures
directly intluence the volume and peak runoff
generated from rainfall events. The performed
UNET model amlysis evaluated the effect of
upland retention and watershed measures on a
system-wide basis. The UNET model employed
a Change in the inflow hydrography to model 5
and 10 percent mnoff reduction alternatives and
the without Federal reservoir alternative. The
following sections provide additional evaluation

of upland measures and further explain the basis
for the inflow hydrography which the UNET
model used.

I Background: 5 and 10 Percent Flood Runoff
Reduction

The deftig of runoff relationships
through rainfall amount, rainfall intensity, timiig
of a series of storms, topography, land use,
antecedent conditions, drainage network, and
consideration of existing upland and valley
storage is very complex. It can be the subject of
considerable difference of opinion. Urdess
evahrations are done using a detailed, systematic
process, with several calibrations during the
process, the results cannot be defended based on
scientific procedures. The use of different hy-
drology runoff models to evaluate various combi-
nations of these runoff relationships occurs
throughout the basin, but none evaluate all of the
processes over the entire watershed affected by
the 1993 flood.

It was determined very early in the
assessment process that time and funds were not
avaifable to perform comprehensive deterministic
hydrologic studies on the entire area affected by
flooding in 1993. The approach used in the
assessment was to use the available information
developed for the Scientific Assessment and
Strategy Team (SAST) report and any addhional
information readily available from other sources
such as the Corps of Engineers (COE), Natural

Resources Conservation Service (NRCS), and
U.S. Fish and Wildlife Service (FWS). This
information would help define physical relation-
ships between runoff volume and the stmctural
and nonstructural measures typically used to
reduce mnoff volume. Because of the tremen-
dous volume involved in the 1993 flood event, it
was determined at meetings attended by other
State and Federal agencies that the volume
reductions on tributary hydrography should not
exceed 10 percent of the recorded 1993 runoff.

The volume of runoff is the most critical
and controlling factor for defining flondmg in the
floodplain of the Mississippi and Missouri
Rkers as the contributing area to the flood prone
area becomes large. The runoff hydrography
shape is sensitive to upland retention measures in
the upland flood prone areas, However, as these
upland hydrograpbs are combined with other
tributaries and travel downstream, the shape of
the hydrography becomes less sensitive to indWid-
ual upland retention measures. Since this assess-
ment concentrates on the flood prone areas of the
larger downstream floodplains, the evaluation of
the impacts of various upland retention measures
on local hydrography distribution was determined
not to be critical. Therefore, impacts of runoff
reduction measures addressed in tids assessment
will assume that uniform volume reductiom of
tributary hydrography can be applied without
significantly affecting the credibility of the flood-
plain sensitivity analysis. Appendix A provides
addhional supporting information on the volume
reduction measures evaluated.

Methodology: 5 and 10 Percent Reductiom

The systemic UNET analysis employed
runoff reductions of 5 and 10 percent to evaluate
the effect of reduced runoff on computed results.
An analysis was conducted to determine a reason-
able value for the maximum runoff reduction
which could be attained. The 5 and 10 percent
volume reductions are used to test the sensitivity
of the floodplain water surface profiles to
changes in tributary hydrography volumes for the
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1993 flood. The reductions are intended to
represent changes in upland watershed land use
through either structural or nonstructural mea-
sures. Since the measures were to be weighed
against 1993 flood conditions, the volume reduc-
tions and measures assumed had to account for
the extreme antecedent conditions that existed in
these watersheds during the critical months of
June through July. The tremendous volumes of
runoff experienced throughout the basin when
multiplied by 5 or 10 percent reduction factors
result in very large storage or retention require-
ments in some watersheds. These watersheds
would require a combimtion of both structural
and nonatmctural measures to achieve these
volume reductions for the 1993 flood.

The nonstructural measures or land
treatmenfi. considered included changes in
wetland storage, changes in depressional hydric
soils drainage patterna, maximizing infiltration
through use of conservation practices and crop-
land conversion. Structural measures wordd
include the traditional Soil Conservation Service
(SCS) small (Public Law 566) watershed struc-
tures and larger flood storage stmctures where

necessary. The time available to conduct the
assessment did not permit a detailed analysis of
land use for each sub-watershed. TMs would
require comprehensive deterministic hydrologic
models to measure all the physical processes
related to these changes. Models exist which
represent small portiom of the basin, but not to
the extent that they would provide appropriate
coverage to perform detailed, comprehensive
analysis on thk very diverse landscape. How-
ever, data provided in the SAST report and
existing COE, NRCS and other Federal agency
data provide a level of understanding of these
physical featnres and processes such that esti-
mates on how land use changes will affect
volume relationships can be developed to the
level of detail commensurate with tfds assess-
ment’s objective.

The tributary volume adjustments used
for the floodplain sensitivity amlysis were also

based on results from case studies conducted by
the SAST team. These case studies evaluated the
effects of combimtiom of land use changes on
four selected watersheds which represent four
distinct Iandforrns in the upper Mississippi River
Basin. The four landforrns included a steep

basin, a low relief pothole basin, a low relief
basin with welldefmed drainage, and a relatively
high relief basin that haa been drained for agri-
culture. The studies were not conducted using
the same hydrologic model, but general trends
were identifiable, and relative differences could
be noted from the studies. These studies indicated
that reductions in flood peaks from upland land
treatments can be influenced by many factors.
The floodplain geomorphology, hydrologic
characteristics, antecedent conditions and
precipitation d~tributiona are some of the factors.
The studies also indicate a trend toward decreas-
ing influence on flood peaks as precipitation or
flood recurrence interval increases. Where land
use changes may reduce flood peaka by between
25 and 50 percent for a flood with a return
period of 2 to 5 years, the same changes may
reduce peaks by only 10 percent or less for
floods with return periods of 100 years or great-
er. Appendix A offers addhional discussion and
details on the amlysis conducted by SAST.

In addhion to the SAST case studies, land

resource information was developed to further
support the mnoff reduction measures. Thk
information was provided through the 1992
Natural Resource Inventory (NRI) and the
cooperation of the Natural Resources Conserva-
tion Service (NRCS) Midwest National Technical

Center, Lincoln, Nebraska. The NRf defines
land use by major use categories and provides
this information for each major tributary in the
Mississippi and Missouri River Basins. TIrk data
can be used to estimate the upland land use and
soifs characteristics and how changes in land use
may affect runoff volume. In addhion to the NRI
data, the NRCS STATSGO database was used to
compile addhional pertinent information related
to soils characteristics throughout the baain.
Included in Uds data is an inventory of hydric
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soils which indicates where in the basin the
greatest percentages of these soifs exist. The data
does not, however, characterize the hydric soils

by wetland statua. Large percentages of these
hydric soils are currently being used for agricrd-
tural purposes throughout the basin. Figure 8-15
shows the percent hydric soils withii the upper
and middle Mississippi River and lower Mksouri
River basina.

Wetland restoration has proven to be an
effective flood reduction measure in the upper
watershed areas where the localized effects are
most pronounced. The SAST case studies indi-
cate that flood peaka can be reduced significantly
for fairly frequent flood eventa. However, wet-
land restoration measures would have had drasti-
cally reduced effects on flood volumes under the
antecedent condltiona and the extreme flood
conditions that existed throughout most of the
watershed in 1993. It is questionable whether
restoration of drained depressional areas would
contribute to flood reduction under these extreme
conditions, It can be argued that these drained
depreaaiorm actually provide greater flood reduc-
tion benefits by preserving the depressional
storage for the most extreme rainfall events
through drainage of antecedent eventa. The
drainage of wetlands is a very complex hydro-
logic issue with broad social, political, economic
and environmental impacts. Thk assessment will
address the restoration of wetlands as one of a
combimtion of the upland measures used to
achieve the 5 and 10 percent volume adjustments
in the upper watersheds. Appendix A provides
additioml details and inventories of the current
wetlands status for the entire upper Mississippi

Klver Baain and will indicate where in the basin
wetland restoration would have had the most
intluence on the 1993 flood.

In s-ary, the volume reductions sa-
sumed for the floodplain sensitivity analysis are
5 and 10 percent of the 1993 runoff volume from
all tributaries of the Mississippi River above
Cairo, Illinois, and below SIOUXCky, Iowa, on
the Missouri River. The adjustment are not

based on specific flood reduction measures or
combimtiona of measures for each tributary.
Instead, it is assumed that there is a combination
of both nonstructural and structural changes that
could achieve these reductiom. It is also as-
sumed that the 10 percent volume reduction is an

uPPer bound on what is reasonably achievable
under the extreme antecedent condhions and
flood conditions that existed throughout most of
the watershed in 1993.

Upland Flood Control Measures

Control of runoff in the upland watershed
is accomplished through both structural and
nonatruc,tural measures. These measures include
land treatments that affect the soil’s infiltration
rate, the soil moisture retention capacity and
protection or restoration of natural floodwater
storage areas. Wetlands, or construction prac-
tices like terraces, farm ponds, erosion control
stmctures or flood control reservoirs, all have
capacity to store excess runoff. The impacta of
existing land use and upland treatments on the
1993 flood were estimated using information
included in the SAST report along with data from
the NRCS, COE, National Oceanic and Atmo-
spheric Administration (NOAA), Natioml
Weather Service (NWS), and USGS. The exist-
ing Federal reservoira located in the upland areas
stored over 25 million acre-feet of water during
the flood event. It is estimated that existing farm
ponds, erosion control structures and flood
control reservoirs constructed with U.S. Depart-
ment of Agriculture (USDA) assistance stored
over 2 million acre-feet of water during the
flood.

Several alternatives were considered to
test the sensitivity of different types of upstream
flood control measures. The “Existing Condi-
tion” alternative identifies the base condition
which treata all land use and upland storage in
Federal reservoirs aa they existed in 1993. The
“Without Federal Reservoirs” alternative is used
to identify the effects the 1993 storage in these
reservoirs had on reduced flood stagea in the
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downstream floodplain. The “With Revised
Reservoir Operations” alternative reviews exist-
ing operating plans to determine if adjustments to
thew plans would have further reduced flooding
in the floodplain. The “Runoff Reductions of 5

and 10 percent” alternative looked at assumed
volume reductions to the tributary hydrography
through additional upland land uae changes or
storage measures. These reductiom were baaed
on very general information at tila time, and
additional detailed evacuations will be needed to
determine optimum combinations of nonatmctural
and stmctural measures required. These altern-
ativesare summarized below and also discussed in
greater detail in Ore hydraulics and hydrology
appendix.

Exiatiig Conditions. The existing
conditiom scenario evaluates all land use condi-
tions and reservoir operationa aa they actually
existed in the 1993 flood. Condhiona conducive
to producing extreme runoff existed with ante-
cedent soil moisture in 70 to 90 percent of soil
capacity throughout most of the baain, and pre-
cipitation patterns were well above normal over
most of the basin. These antecedent conditions
reduced the abifity of the upland features such as
wetlands, flood storage reservoirs and depres-
sional areas to store runoff. The extreme soil
moisture contents significantly reduced the soil’s
ability to store addhiorral water. Also, the ex-
tremely wet, cool condhiona had drastically
inldbited spring planting in many areaa, resulting
in little vegetation in the fields of tfds heavily
farmed region. ~ls further exacerbated the
flood conditiom, as it reduced the soil moisture
holdhg capacity and left little vegetation for
evapotranspiration. The soil recovery rates (the
ability to percolate water to the groundwater
table and remove topsoil moisture through evapo-
transpiration) were also reduced due to the
persistent wet cycle and lack of vegetation.

Rainfall events described in Chapter 1

were intense storms which occurred over short
perioda of time on soils near saturation. These
storm durationa range from several hours to 1 to

2 days, with rainfall intensities exceeding 1 inch
per hour during portiona of these storms. The
soils over moat of the basin had reduced tilkra-
tion rates that were well below 0.1 to 0.15 inch
per hour that could normally be expected during
this time of year. Therefore, rainfall exceeding
these reduced infiltration capabilities went into
direct runoff. The natural ability of the uplanda
to attenuate the mnoff through depressional and
wetland storage has been depleted through the
years by agricultural and urban drainage. Also,
the spring antecedent conditiom and the succes-
sion of storms which pelted the Midwest would
have further reduced storage in these natural
buffers. The combination of these extreme
condhions led to excessive runoff throughout the
basin. The Federal reservoirs throughout the
basin played a significant role in reducing thii
mnoff and lowering stages in many area hh
hardest by the 1993 flood.

The SAST report included information on
the impacts of the many upland treatment pro-
grams administered by the USDA and how these
programs may have contributed to reduced flood
volumes in 1993. Those programs include the
Conservation Reserve Program (CRP), Wetlands
Reserve Program (WRP) and erosion control
programs such as terracing and residue manage-
ment. The Natural Resources Conservation

Service eadmates that the combined effects of
these programs within the State of Iowa amount-
ed to reducing runoff volume by about 700,000
acre-feet. These upland reduction measures
affect each rainfall event that occurs to some
extent as both storage of runoff and soil infiltra-
tion are affected. WWle the estimated impact on
the runoff volume is considerable, it is not large
when compared to the total runoff from 1 June to
30 August on the Des Moines River which alone
was ahnost 10 million acre-feet. In contrast, the
total flood storage available in Corps dams on the
Iowa and Des Moines Rivera ia about 2.5 rniflion
acre-feet. It is estimated that USDA assiated
farm ponds, erosion control stmctures and Pubtic
Law 566 structures in Iowa provided an addi-
tional 200,0CKI acre-feet of temporary flood
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storage that was used several times during the
flood event. Further discussion of the influence
of upland land use on the 1993 flood is available
in the hydraulics and hydrology appendix of this
report.

With Federaf Reaervoira

The severe floodlng in 1993 resulted in
damaging stages throughout the Mississippi and
Missouri River Basins. These stages would have
been higher in many locations if the system of
flood control reservoirs had not been in place in
many of the tributaries to the main stem rivers.
The avaifable flood control storage on the Missis-
sippi River above St. Louis is about 5. g million

acre-feet. The total storage used during the 1993
flood from April 1 to the maximum reservoir
levels at the respective sites on the Mississippi
River was about 4.3 million acre-feet (MAF).

The available storage on the Missouri River
above St. Louis includes 13.4 MAF of flood
control storage in tributary reservoirs and about
73.5 MAF of storage in the six main stem reser-
voirs, The main stem reservoir storage is divided
into four storage zones: 4.7 MAF of exclusive
flocd control storage, 11.7 MAF of annual flood
control and multiple use storage, 39 MAF of

carry-over muki-use storage (a portion of which
was available at the start of the 1993 flood) and
18.1 MAF of permanent storage. The total
storage used during the 1993 flood from April 1
to the maximum reservoir levels in the six Mis-
souri River main stem reservoirs above Sioux
City, Iowa, was about 10.3 MAF. The tributary
reservoirs stored approximately 10.5 MAF
during tfds same period of the flooding.

The main stem reservoira had rebounded
slightly from record low storage of 40.8 MAF in
January 1991, and storage levels leading into the
1993 flood season were at about 43 MAF. The
available storage in the main stem reservoirs
leading into the 1993 flood was about 30 MAF.
Therefore, the main stem reservoirs could have
stored more water had it been required, as onfy
about 10.3 MAF of the available storage was

used during the flood. In addhion to the major

Corps of Engineers and Bureau of Reclamation
projects included in the above numbers, there are
numerous Department of Agriculture (NRCS),
State and private impoundments which account
for an addhional 2 + million acre-feet of storage
throughout the basins, The volume of the total
flood control storage used above St. Louis during
the period June to August equals nearly 22
percent of the total hydrography volume that
passed St. Louis during that same period. The
effects of the major reservoirs are outlined be-
low, and Appendix A provides additional details
on storage by tributary. The basins with the most
significant contributions in 1993 to flood control
storage are listed in Table 8-5.
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TABLE 8-5
SELECT RESERVOIR EFFECTS

1993 Flood

FEDERAL FLOOD CONTROL STORAGE (11
(1 ,000 AC-FT)

TOTAL MAXIMUM PERCENT

BASIN NAME RESERVOIR CHANGE IN OF FLOOD
FLOOD RESERVOIR CONTROL

CONTROL STORAGE STORAGE
STORAGE (1993) USED

(1)

3WA RIVER 434 558 129%

IES MOINES R 2,070 2,644 128%

WACOND.WSALT 884 627 71%

.ASKASKIAIMERAMEC 1,693 191 11%

AMES R 329.2 117 36%

MOKEY HILL R 1,312.7 845.4 64?4,

LANSAS R 4>859,4 4,436 90%

IIARITON/LT.CHARIT 376.4 393.6 105%

)SAGE R 5,657.1 4,207 74%

IISSOURI MAINS: (2)

FORT PECK 2,657 2,085 o%

GARRISON 4,250 4,453 o%

OAHE 2,390 3,426 <10%

1) Data from COE 1993 Post Flood Reports.

torage during the 1993 flood includes total change in storage between the initial starting elevations an,
Ie maximum reservoir elevations experienced. Percentages greater than 100 percent indicate that

ddhional storage was used either due to low reservoir levels leading into 1993 or the maximum
:semoir elevations exceeded flood pool and surcharge storage was used. Many of the reservoirs in the
ystem stored and released water several times during the span oftbe flood. These cumulative effects
re not reflected in this table.

2) Almost all storage in the Missouri River main stem reservoirs was in the multi-purpose storage
reas. Only Oabe rose slightly into the annual flood control and multi-purpose zone,

. . . . . . . . . . . . . . . . . -.
1at)leS X-b and 5-”/ snow the ettects lake and stages on the Kansas and Mlssourl Kwers

and resemoir storage had cm reduced discharges during the 1993 flood. Dkcharges on the Kansas
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River were reduced by 56 percent at Fort Riley that the amount of area uncontrolled by the reser-

and by 35 percent at the Desoto gage near the voirs increases as the basin size and number of

confluence with the Missouri River. Reservoir contributing streams increase. The reservoir

operations in the headwaters of the Kansas River storage influence on discharges on the Missouri
Basin reduced discharges by up to 80 percent. River main stem accounted for a 27 percent
This indicates that, as contributing drainage area reduction in discharge at St. Joseph, and farther
increases. the effects of upstream storage become downstream, the reduction in discharge at Her-
Iess pronounced. This is-due in part tithe fact msmr was about 12 percent.

Table 8-6
Kansas River -1993 Flood

Actual and Unregulated Stages and Discharges

Stream Gage

Place River Flood
Mile Stage

(ft.)

aFort Riley 168.9 21,0

Wamego 126.9 19.0

Topeka 83.1 26.0

Lecompton 63.8 17.0

Desoto 31.0 24.0

Dats from 1993 Post Flood

Actual I Unregulated I Stage

7/26/93 I 87,600 I 27.9 I 200,000 I 35.0 I 7.1

7/26/93 I 199,000 I 27.3 I 258,000 I 28.9 I 1.6

7/25/93 I 170,000 I 34.9 I 260,000 I 37.1 I 2.2

7/27/93 I 190,000 I 24.7 I 282,000 I 26.9 ] 2.3

7127193 170,000 26.9 266,000 31.4 4.5

~eport, Appendix E.

Kansas River. The operation of the 18 contains information on stage reductions at five
Corps of Engineers and Bureau of Reclamation pertinent locations on the Kansas Rker. Reduc-
Iake snd reservoir projects in the Kansas River tion in stage varies from 1.6 feet at Wamego to 7.1
Basin for flood control purposes resulted in sigrrif- feet at Fort Riley. In the lower reach at Desoto,
icant reductions in tbe depth of flooding that Kansas, near the Kansas City metropolitmr area,
occurred in July-August 1993 on the Kansas the flooding depth was reduced 4.5 feet.

Rhrer, Missouri River, and those tributary streams
of the Ksnsas River below each project. Table 8-6
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Table S-7
MIssorrri River -1993 Flood

Actual and Unregulated Stages and Discharges

Stream Gage Actual Unregulated Stage
Reduction by

Place River Flood Date Dis- Stage Dis- Stage Federal Res-

Mlle Stage charge (ft.) charge (ft.) ervoirs (ft.)

(ft.) (Cfs) (Ctk)

St. Joseph 448.2 17.0 7/26193 335,000 32.6 461,000 33.0 0.4

Kansas City 366.1 32.0 7/27193 541,000 48.9 713,000 54.0 5.1

Waverly 293.4 20.0 7127193 633,000 31.2 700,000 32.4 1.2

Boonville 197.1 21.0 7129/93 755,000 37.1 820,000 38.5 1.4

Hermmm 97.9 21.0 7131/93 750,000 36.2 852,000 39.8 3.6

)atsfrom 1993 Post Flood Repo~Appendix E. Revised stsgesbased on FPMAUNETmodeling.

Missouri River. Table 8-7 presents
information onstage reductions at five pertinent
Incations on the lower Missouri River below Rule,
Nebraska. Thcsestsge redrsctions reflect thcfleed
control effects of the previously mentioned pro-
jectsin the Kmrsas River basin; snadditional 11
projects in the lower Missouri River Basin [Metro
Kansas City srea (3), Chariton Rlversnd Little
Chariton River Basin (2), amd Osage River Basin
(6)]; as well as the Missouri Rlvcr main stem and
tributary reservoir system upstream of Rrdo.
Reduction in stage varied from 5.1 feet at Kansas
City to 3.6 feet at Herrnamr. The 0.4-foot stage
reduction at St. Joseph was due entirely to the
reservoir system upstream of Rule. The six
projects in the Osage River basin were operated to
reduce flood stages at Hermsms and also to lower
stages on the Mississippi River at St. Louis.

Des Moines River. Reservoir flood
storage is not designed to control all flood events.
When flood volumes exceed the designed flood
storage volumes of reservoirs, there will be dis-
charge through a supplemental spillway which is
usually uncontrolled. In many areas during the
1993 flood, reservoir flood control capabilities

were exceeded due to extreme antecedent floods
or storms which exceeded the desigrr capacity.
This resulted in many of these projects makhg
uncontrolled releases from the reservoirs which
are controlled by a surcharge relationship for the
emergency spillway. The Des Moines River
Basin projects are an example of inflow exceeding
the floed cnntrel capabilities. ‘h available flnod
storage in Saylorville and Red Rock reservoirs
was only about 5 percent of the total runoff vol-
ume during pcsk flooding on the Des Moines
River in June and July. However, the projects
were still capable of reducing the discharge by 10
to 20 percent and resultant stages downstream by
1 to 3 feet. Figure 8-16 displays the bydrogrsphs
for the regulated and unregulated discharges at
Keosauqu~ Iowa. Regulation managed to reduce
the maximum dischmge at Keosauqua to 108,000
cfs as oppnscd to SD urrregulatcd discharge of
132,000 cfs.

8-36



DES MOINES RIVER
1993 FLOOD AT KEOSAUQUA

140
en
& 120 A

W,VRESERVOIRS

z- 100
~

/vL/; \
w,TH RESERVOIRS

rr.1 80
0
: 60 A

~ do A // //’ \i~..
n —

20 -

o’ I
1 JUN 16 JUN 1 JUL 16 JUL 31 JUL 15 AUG 30 AUG

TIME IN DAYS

Figure 8-16

Wlthorrt Federsl Reservoirs M~souri River. The farthest down-

The UNET analysis of the 1993 flood event
without the Federal reservoir storage was accom-
plished by determining the discharge hydrography
at each site without the storage effects of the
reservoir. These unregulated hydrography were
then routed downstream to determine the effects

on peak discharges and stages at critical Iocatbns.
The hydrography were routed to the Missouri and

Mississippi River main stems from the upstream
tributaries using hydrologic routing, and the
UNET model was used to route the hydrography
through the floodplains to determine resultant
water surface profiles. The flood storage in
Federal reservoirs had significant impacts on florid
stages during the 1993 florid on the Mississippi
River from GmRon to Cape Girardeau and on the
Missouri Rker from Gavins Point Dam to the
mouth at St. Louis. Flood stages in these reaches
would have been several feet higher if the Federal
reservoir system had not existed.

stream of the six main stem rhrns on the Missouri
River Federal reservoirs is Gavins Point Dam at
RM 811.1. The Missouri River Division Reser-
voir Control Center (RCC) annually mmputes the
without reservoir hydrogmph at Gavins Point Dam
based on routed upstream inflows. The without
reservoir hydrogmph computed by RCC at Gavins
Point Dam did not contain any large peak flows
during the 1993 event. Discharge generally varied
from 60,000 to 90,000 cfs for a 3-month period.
Essentially, the witbout reservoir hydrography is
equivalent to adding substantial base flow to the
Mksouri River for the 1993 event. Discharges for
the Kansas River at Desoto without reservoir hold-
outa would have been approximately 266,000 cfs
as opposed to 170,000 cfs for the regulated condi-
tion. Downstream at Hennarm, the unregulated
discharge would have approached 850,000 cfs as

opposed to 750,000 cfs for the regulated condi.
tion.

Mkaisaippi River. Elimination of all
Federal flood control storage in the entire upper
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Mississippi River system would result in an
increase in stage at St. Louis of about 3,2 feet.
Tables 8-1 arrd 8-2 show the increased stages that

would have occurred without Federal reservoir
storage at various stations along the Mississippi
and Missouri Rivers. The stage increases are less
than 0.5 foot above Lock and Dam 22 on the
Mississippi Rker, but increase to 3.3 feet when
the effects of reservoir storage on the Salt and
Illinois Rivers are added to the discharges. Stage
increases on the Missouri River with reservoir
holdouts added in vary from near zero to over 5
feet in the reach from Omaha to St. Charles,
depending on effects of the agriculb.rral levees and
the timing of inflow.

CASE STUDIES

With completion of the systemic modeling
on the Mississippi and Missouri Rivers network,

a limited number of case studies were completed
to allow analysis of potential impacts for specified
reaches in each District and not as part of a sys-
temic study. Each Corps District performed
several case studies that included analyses pertain-
ing to reservoir operation and antecedent condi-
tions, levee height and location changes, and
interior drainage behind the existing levee sys-
tems. The case studies are summarized in the
following sections.

RESERVOIRS

Marry factors affect the operation of flood
control reservoirs during times of flooding, These
include revised reservoir releases, distribution and
timing of the runoff, storage availability in the
reservoirs, downstream flooding conditions and
constraints, and operation requirements as set in
the water control manuals, The case studies
related to reservoirs include determining what the
impact on the 1993 flood event would have been,
a review of reservoir operation during the 1993
flooding, the impact of additional reservoirs in the
Meramec River basin and if reservoir antecedent
conditions bad been near normal or wet instead of
below normal due to a 6-year drought.

Case Study - Revised Reservoir Operation

Resemoir operating plans are designed to

equitably serve all the project’s intended and
authorized purposes. These operating plans are
usually keyed to specific benetits which in marry
cases are local in nature. These optimizations are
based on either historic or synthetic flood simula-
tions or on some downstream control point to
determine the optimum operating conditions
which maximize both upstream and downstream
benefits. Also, releases are made based on known
hydrologic conditions or forecasts. In the case of
the 1993 flood, the downstream hydrologic condi-
tions were a moving target for reservoir operatora.

Critical rainfall events downstream Of these
projects occurred after upstream forecasts were
made. In some cases, upstream reservoir releases
were made several days before significant rainfall
events downstream further exacerbated conditions
at key downstream damage locations. In most
cases, revised operating plans would only benefit
had there been foresight of the conditions that
changed downstream after releases were made
days or in some cases weeks earlier. Table 8-5
displays the storage characteristics of some of the
basins with the most aigniticant reservoir influ-
ences and indicates the amount and percent of
flood storage used. The table indicates that stor-
age effects varied throughout the baairr and not all
flood control storage was required to meet down-
stream flood control commitments.

The analysis of reservoir operation plans
is complex, with multiple uses and interests
competing for water benefits. Revising operating
plans to better optimize the flood storage benefits
for the 1993 flood could provide slight reductions
in local flooding below the reservoirs, but only for
the 1993 hydrography shape and volume. Detailed
analysis of revised operation of some reservoirs
for the 1993 flood could reveal that some operat-
ing plans could be” improved based on lessons
learned. However, this process is lengthy and
beyond the scope of this assessment.
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Case Study - Reservoir Operation, St. Louis
District

After the 1993 flood, arr evaluation of the

operation of the Rock Island and St. Louis District
flood control reservoirs was performed, St. Louis

District has five reservoirs, but two of them were
excluded from the case study and the other three
were found to have been operated in a superior

manner.

Lake Wappapello on the St. Francis River
had no impact on the Mississippi River flooding
during 1993. The St. Francis River confluence
with the Mississippi River is near Memphis,
Tennessee, which was south of the major flooding
on the Mississippi River during 1993. A detailed
study of Lake Wappapello was not conducted.
Rend Lake is located on the Big Muddy River. Its
confluence with the Mississippi River was within
the area of major flooding in 1993, However,
Rend Lake’s outflow is through an uncontrolled
spillway, and no reservoir operation is performed.

The Kaskaskia River has two reservoirs
that provided a great deal of flood protection
during the flood of 1993. The Kaskaskia River’s
confluence with the Mississippi River is approxi-
mately at Chester, Illinois, which was affected by
the 1993 flood. Lake ShelbyvilIe and Carlyle
Lake operate as a system, Except for backwater
from the Mississippi River, the Kaskaskia River

experienced no flood darnage during the 1993
flood. The discharge from these two reservoirs
did not add to the crests or prolong the duration of
the 1993 florid. In fact, every crest of the Missis-
sippi River in 1993 was reduced by the operation
of these two projects. The two Kaskaskia reser-
voirs operated as designed during the 1993 flood.

Mark Twain Lake on the Salt River was
aa exceptionally successful case. Extremely close
coordination with the downstream landowners
association (LSRBA) played a critical rob. Close
coordination and frequent special internal river
forecasts allowed the water control manager to
release water at the optimum time aod prnvide the

maximum pnssible flood control benetits for both

the Salt Rlverand Mississippi River basins. The
Mark Twain flood control pool was filled and
emptied 3.5 times during 1993 with not a single
damaging release. Theexcellent reservoir opera-
tion of Mark Twain Lake did not aggravate flood-
ing on the Salt River and Mississippi River.

In conclusion, based on post-flood analy-

sis, the St. Louis District’s three reservoir projects
did not ag~avate flooding during the 1993 flood,
and no changes are needed to the reservoir opera-
tion procedure as required in the water control
manuals.

In the Rock Island District, all three major
flood control reservoirs, Saylorville, Red Rock,
and Coralville, were operated beyond full flood
control capacity during the 1993 flood event.
Higher authority ganted deviation from approved
regulation plans, allowing Iower than prescribed
release rates inorder toaidfloodtighting efforts in
downstream communities and to minimize im-
pacts to affected critical facilities. As a result,
Saylorville and Red Rock reservoirs on the Des
Moines Rker rose to 2 to 3 feet above designated
fidlfloodcontrol pool levels. Coralville reservoir
rose to nearly 5 feet above its full flood pool level.
High pool levels began to affect property and
facilities upstream as well as raise concerns abnut
dam safety. Peak pool stages at all three reser-
voirs were coincident with the real estate ground-
taking line, Forthese reasons, increawdretention
beyond the range described above would not be
prudent without assessing the need to acquire

additional real estate holdings and evaluating the
adequacy of remedial works upstream of the
reservoirs.

Revising reservoir operations by adjusting

the release schedule at each of the Rock Island

District flood control reservoirs was also exam-
inedasa means ofreducing impacts of the 1993

flood. Asmentioned inthediscussion cnincreas-
ing reservoir retention, operation of all three
reservoirs deviated from approved regulation
plans during the 1993 flood.
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Based upon a limited analysis, minimal
impact would have been realized from increasing
releases earlier in the course of the flood to con-
serve storage that could have been used at a more
critical time. Irrcreasing releases when thereser-
voir is at lower elevations would cause more
frequent downstream flooding by not optimizing
available storage. It must be emphsaized that
optimal operation of flood control reservoirs is
accomplished by providing flood drrmage reduc-
tion for freqrren~ less severe flood events, as well
as rsre, large magnitude events.

Case Study - Revised Operation, Mksorrri
River

Flows within the upper Missouri RNer
Basin are controlled by six main stem dmrrs rmd an
additional 15 Corps of Engineers and Bureau of
Rechrmation tributary projects. The fiwthest
downstream darn on the Missouri Rker main stem
is Gavins Point Dsrn at RM 811.1. During the
July 1993 perde flnnding period, reservoir releases
from Gavins Point Dsm averaged 8,000 cfs.
Release volume from Gavins Point Dam totaled
2.06 million acre-feet from June through August
1993. Reservoir release rates corresponded with
minimal releases required for downstream water
uses. The minimal flow released from Gavins
Point Dam bad no effect on downstrermr flood
levels. Further reduction of reservoir releases

during the 1993 flood event would not have been
practical or beneficial. Refer to the 1993-1994

Missouri River Main Stem Reservoir Annual
Operating Plan report for details regsrding system
inflow, pool levels, mrd operation of the main
stem reservoirs.

Caae Study - Additional Reservoira

During the 1960’s, five reservoirs for the
Mersmec R&er Basin were proposed in the St.
Louis District. The operation of these reservoirs,
if constructed, would not have significantly af-
fected the 1993 flood peak stages because damag-

ing rainfalls generally did not occur in the Mer-
mnec River Basin until well after the 1993 crest.

In the Rock Island District, three addi-
tional flood control reservoirs on tributary streams
in Iowa had been proposed but never constructed
in the 1960’s rrnd 70’s. These are Jefferson
Reservoir on the North Raccoon River, Ames
Lake on the Skunk River, mrd Gilbert Reservoir
on Squaw Creek which is a tiibutary to the Skunk
Rker. A limited analysis of these reservoirs
showed that, for the 1993 flood, these reservoirs
would have had little impact on reducing peak

stages. This was primarily due to the limited
storage capacity set saide for flood control relative
to accumulated runoff during the 1993 flood.
Further discussion of these reservoirs crm be

found in Chapter 9 snd in the Hydraulics appendix
to this report.

Caae Study- Reservoir Antecedent Conditions

A brief srralysis wss performed to evahr-
ate 1993 reservoir releases from the six main stem
dsms for different antecedent conditions in the

uPF’ Missouri River basin. An extended drought
occurred in the upper Missouri River basin from
1987 through 1992. At the beginning of March
1993, reservoir storage within the six main stem
reservoirs was at 43.0 million acre-feet (MAF) or
12,4 MAF below normal. The lowest reservoir
storage total since 1967 when all the reservoirs
were first tilled to their nomsal operating pool was
40.8 MAF which occurred in January 1991.
During the 1993 flooding on the Missouri mrd

Mississippi Rivers, the Missouri River main stem
reservoir system stored a significant volume of

runoff. Gavins Point Dmrr released minimal flows
well below normal releases for the ffnod period in

order to alleviate downstream flooding to the
maximum extent possible. During the 1993 flood,

2.2 million acre-feet was released from Gavins
Point Darn. These releases are considered the
minimum possible mrd would be different for
other antecedent conditions.

An analysis was performed to evaluate
reservoir releases for the following antecedent
conditions in the upper Missouri Rker Baain: 1)
reservoir pncds at or near normal levels at tk start
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of the 1993 flood, and 2) if conditions had been
such that the reservoir pools were at the base of
exclusive flood control pool elevations. This
simplified analysis did not take into account all the
various factors involved in operating the main
stem reservoirs such as required reservoir re-
leases, distribution and timing of the runoff, and
the various operating constraints of the reservoir

system. Operational criteria for the main stem
system are outlined in the Missouri River Main
Stem Master Manual.

Normal Conditions. Nomralantecedent
conditions were assumed to be represented by
reservoir pool levels at the historical average end
of month pool elevation for May (based on 27

years of record) instead of the lower 1993 levels
which were duetodrought conditimrs. At normal

May end of month pool levels, there is approxi-
mately 14.4 million acre-feet of available storage
inthesixresewoira. This would have been sutli
cientcapacity toholdalmost all of the 12.5 mil-
lion acre-feet inflow into the reservoirs during the
period Junethrough August 1993. Atthe lowest
reservoir, Gavins Point Dam, excess inflow from

the Niobmra Rker would have been within what
was released during the 1993 operation of the
reservoirs. Although operation procedures may
have varied, analysis determined that the excess
inflow into Gavins Point Dam would have been
less than the volume released during the actual
1993 operation of the reservoirs.

Assuming normal pool Ievelsand follow-
ing the current reservoir regulation criteria, a
simple analysis determined an additional release
of10,000t020,000 cfs. Tbeadditional releasers
very minor and is only 2 to 4 percent of the
300,000 cfs at Rrdo, Nebraska (RM 498), and the
750,000 cfs peak discharge at Hermann, Missouri

(RM 97.9). Wherefore, asigniticant increase in
releasesin 1993 which would affect downstream

flood levels would not have been required if initial
pool levels had been at normal levels.

Wet Conditions. Extremely wet anteced-
ent conditions were assumed to be represented by

reservoir pod levels at the exclusive florid control

pool elevation. Assuming allsixrcservoir levels
at the exclusive flood control pool level would

constitute an extremely rare event that, based on
operation of the reservoirs in compliance with the
Missouri River Main Stem Master Manual, would
be highly unlikely. In the 27 years since all the
reservoirs were filled to their normal operating
pnol, the end of month May pool elevation at each
of the six main stem reservoirs has bem below the
elevation of the exclusive flood control pool.

If antecedent conditions had been such
that only the exclusive flood control zone were
available in the main stem Missouri River reser-
voirs and ignoring the timing of inflow with
releases, a simple volume analysis determined that

approximately one-third of the inflmv would have
been captured by the reservoirs. Actual 1993
operation captured approximately 80 percent of
the inflow. Although capacity to store nearly 100
percent of the inflow was available in 1993,
minimal releases during the summer months were
necessary for downstream water uses. The no
reservoir alternative modeled with UNET assumed
zero percent capture of inflow. Reservoir releases
for extremely wet conditions are bracketed be-
tween computed results for the base and the no
reservoirs alternative UNET models.

Conchssiorr. Analysis was conducted to
evaluate the effects of reservoir releases for
different antecedent emrditions in 1993. A simple
volume analysis determined that additional re-
leases of a magnitude which would have signifi-
cantly affected downstream flood levels would not
have been required if pool levels had been at
normal levels. Although reservoir regulation
criteria may have required additional reservoir

releases, the release rate would have been minimal
in comparison to the magnitude of the 1993 event.
Extimely wet antecedent conditions were repre-
sented by pod levels at the exclusive flood control
zmre. In this case, approximately one-third of the
total inflow to the reservoir system would have
been stored. However, reservoir pool levels
within the exclusive flood control zone at the end
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of May have not occurred at any of the six dams stances, main stem Missouri River reservoir
and should be regarded as an extremely rare event. volume would usually allow a release schedule of
Dowms@am impacts would be bracketed between minimal releases which would not have signifi.
the UNET model computed results for the base cantly affected downstream flood levels during the
condhion and the no reservoirs alternative. The 1993 event. Results of tbe evaluation are summa-
examination of antecedent conditions illustrates rized in Table 8-8.
that, with the exception of extremely rare circum

Table 8-8
Available Storage Based on the Average End of Month Pool for May

Missouri River Main Stem Reservoirs I

Exclusive Flood Total Storage Total Reaeh
Average May 31 Control Pool Volume Inflow VO12

Main Stem EOM Pool 1993 Pool Top Elev. Availablez Jun-Aug
Reservoir for May Elevation (Ft M. S.L.) (Ac-Ft) 1993

(Ft M.S.L.) (Ft M.S.L.) (Ac-Ft)

Fort Peck 2234.9 2213.3 2250.0 3,141,000 3,460,000

Garrison 1836.7 1822.9 1854.0 5,595,000 5,920,000

Oahe 1607.2 1600.2 1620.0 3,874,000 1,900,000

Big Bend 1420.5 1420.9 1423.0 117,000 110,000

Fort Randall 1357.2 1355.7 1375.0 1,579,000 430,000

Gavins 1205.6 1206.1 1210.0 110,000 680,000
Point

Notes: 1 Reservoir data is based on available information and is subject to change.
2 Refers to the available storage volume between the May average end of month pool elevation and
the top of the exclusive flood control elevation at each of the reservoirs.
3 Reservoir inflow volume in excess of reservoir storage is a controlled release according to

reservoir regulation criteria as experienced during normal operation.

LEVEES can affect river stages on the Mississippi and
Mksouri Rivers, both upstream and downstream,

For the systemic analyses, it was shown some distance from the levee that was altered.
that changes to the existing levee system could Levee case studies included analyzing both a
have major effects on river stzges hundreds of limited floodfight by not allowing any additional
miles downstream. The following case studies height added to a levee and a floodlight where
will show that even a small isolated levee change sandbagging was performed, in effect, to increase
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the height of the levee. Other case studies in-
cluded increasing the existing 100-year flood
protection to 500-year behind the Chesterfield-
Monarch levee on the Missouri River, determining
whether to buy out, build a levee/floodwall or a
combination of the two to protect an urban area,
increasing the height of the existing levee on the
Mississippi River from the Missouri River conflu-
ence downstream to Cairo, Illinois, based on the
“urban design flood,” and analyzing an isolated
levee setback on the Missouri River.

Case Study - Limited Floodlight

An alternative which limits floodlight

activities to measures that maintain levee integrity
without adding additional height to the levee, was

modeled using the design levee crown as the over-
topping elevation. Simulation of this alternative
was conducted by the Rock Island District for the

reach extending fmm Muscatine, Iowa, to Hanni-
bal, Missouri. All of the levee districts in this
reach were included in the analysis. The effects
were most noticeable at the downstream end of the
Rock Island District. Failure of the middle cell of
the Sny Levee and Drainage District which pro-

tects 58,700 acres reduced stages below Quincy,
Illinois, by 3 feet. The magnitude of this reduc-
tion can be attributed to changes in timing, caus-
ing the peak of the hydrography and overtopping of
the middle cell levee to occur simultaneously.
Upstream, above Burlington, Iowa, reductions in
stage due to limiting floodfight efforts were less
than 1 foot since most of the levees in that reach

did not overtop in 1993 or during the limited
floodfight simulation,

Table 8-9 shows the impact of flood-
lighting levee raises on water smface elevations at
a few key gages within the Rock Island District.

Table 8-9

Floodplain Management Assessment
Impact of Raising Agricultural Levees

Mississippi River - Muscatine, Iowa, to Hannibal, Mksouri

No Floodlight Levees

Location 1993 Computed WSEL* Elevation

Difference in Feet

Muscatine, Iowa 556.0 0.0

Burlington, Iowa 536.4 -0.8

Quincy, Illinois 490.0 -2.7

Hannibal, Missouri 476.0 -2,9

* Water Surface Elevation

Case Study - Floodlighting

The Columbia Levee District (RM 166.0
to RM 156,0) on the Mississippi River is the first
agricultural levee downstream of St. Louis. The
levee district fought tbe rising waters for weeks,
but the levee was overtopped on the morning of 1
August 1993 and the floodwaters re8ained their
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floodplain. The levee design was a 2 percent
annual chance (50-year) flood, but because of the
valiant efforts of the floodfighters, the levee far

exceeded the design. Within an hour after the
Columbia Levee District overtopped, a measur-
able drop in stages was observed at St. Louis, 14
miles upstream of the levee district. The oftlcial

peak at the St. Louis gage (RM 179.6) was 49.58



on 1 August, occurring about the same time the
Columbia Levee District overtopped.

Floodlighting cau affect stages both up-
stream rmd downstream of the floodfight area.
The St. Louis District UNET model was used to
simulate a no floodlight scenario at Columbia.
The results showed that peak stage could be
reduced as much as 1.3 feet at the St. Louis gage,
but downstream stages could increase as much as
0.6 foot at the Chester gage (RM 109.9), if no
floodlighting took place. This levee district
protected 13,560 acres of farmkmd and 65 heroes.
This evaluation indicates that floodlighting could
cause additional flooding upstream, but it could

also reduce flooding downstream. If floodtighting
was not uccurring at the Columbia Levee District,
the downstream community of Ste. Genevieve,
Missouri (RM 123.5), might have flooded.

Case Study - Chesterfield-Monarch Levee

The ChesteKleld-Monarch earthen levee
extends for about 11.5 miles along the Missouri
River from RM 38.5 to RM 46.0. This privately
financed levee protects about 4,240 acres of flood-
plain lauds, About 1,450 acres are currently
developed with about 3.1 million square feet of
commercial floor space. The levee breached
during the 1993 flood. The flood frequency of the
1993 tlcwd was above the 1 percent charrce (100-
year) flcaf in the Chestefleld-Monarch area. The
local community is now in the process of recerti-
~ng the levee protection to the 1 percent chance
flood, meeting Federal Emergency Management
Agency (FEMA) standards.

Because of additional development in this

are% the local community has requested the Corps
of Engineers to study increasing the levee protec-
tion to a 0.2 percent charrce (500-yeiw) flood. The
expectation is that a 500-year levee would not
have broken during the 1993 flood event. This
higher ChesteK1eld-Monarch levee measure was
simulated using the UNET model to capture auy
impacts on the 1993 flood.

The floud elevation impacts of the higher
levee were calculated upstream and downstream
of the Chesterfield-Monarch levee area by tie
UNET model. The largest increase just upstream
of the higher levee for the 1993 flood was 0.8
foot.

Case Study - Urban Protection of River des
Peres

The River des Peres watershed comprises
portions of east-central and south St. Louis
County, and west-central arrd south St. Louis City.
The watershed consists of 111 square miles of
prcdominautly urban watershed. Rker des Peres

enters the Mississippi Rker at RM 171.9. The
task of this special study is to determine whether
a buyout or levee/flcodwall construction would he
the less expensive pknr for urbau protection.

Flooding on the River des Peres occurs
from two separate sources: Mississippi River
backwater arrd locally heavy rainfall. Mississippi
River backwater causes flooding on the lower
portion of River des Peres and Gravois Creek
when the St. Louis gage is above 36 feet. This
report will address only the Mksissippi River
backwater flooding.

An existing line of temporary levee
protection from the Mississippi River backwater
was built after the 1973 Mississippi River flood.
The levee protection on the St. Louis City prop-
erty is to a stage of 45 feet, aud levee protection in
the St. Louis County area is to a stage of 42 feet
on the St. Louis gage. To protect to these stages
requires extensive pumping from portable and

permauent pumping plauta to alleviate interior
tlealing from existing combined sewers, seepag+
and storm water.

To achieve urbarr protection for River des
Peres similar to the city of St. Louk urbau protec-
tion, a combination of levees, buyouta aud flood-
prooting measures will coincide with interior
control measures of pumps, closure gates, aud
pressure sewers. Urbau protection from the
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Mississippi River for River des Peres would
require an elevation of 427.00 feet National
Geodetic Vertical Datum (NGVD).

Case Study - MR&T Levees

The Congressionally authorized flood
control project for the lower Mksissippi River and
Tributaries (MR&T) is designed to contain the
“project flood” from Cairo, Illinois, to New Or-
leans, Louisiaoa. This MR&T design flood is
defined as the greatest flood having a reasonable
probability of occurrence without denoting a
specific design frequency. This special study
evaluates a similar system from Cairo, Illinois, to
the mouth of the Missouri River.

The design of the “project flood” was
reviewed in the 1950’s. Some 35 different
hypothetical combinations of historical storms
were sequentially arranged to conform with
frontal movements and synoptic situatims consis-
tent with those in nature, to detemrhe the meteor-
ologically feasible pattern that would produce the
greatest mnoff in the lower Mississippi River.
This extensive analysis for the lower Mississippi
River was not performed for the middle Missis-
sippi River reach (Cairo, Illinois, to the mouth of
the Mk.smri River at St. Lnrris, Missouri) for this
assessment. The design for the middle Mississippi
River was accomplished using the established
“urban design flood.”

The “urban design flood” is defined aa a
discharge of 1,300,000 cfs at St. Lnuis, Missouri,
adjusted for additional discharge from the drain-
age area downstream of St. Louis, to a discharge
of 1,460,000 cfs at Cairo, Illinois (Mississippi
River flow only). At the time the urban levees
were designed, this was considered to be the

approximate discharge of the 1844 flood. Current
frequency studies estimate that this dkcharge is at
least a 0.2 percent annual chance (500-year) flood.
The observed discharge hydrography of the 1993
flnnd were adjusted upward to obtain a possible
urban desigm discharge hydrography and routed
with I-NET. The resultant elevations represent

the height of the levees needed from St. Louis,

Missouri, to Cairo, Illinois, to contain the urban
design flood.” For the Floodplain Management
Assessment analysis, the “urban design flood” for
the middle Mississippi River was considered to be
similar to the “project flnnd” for the lower
Mississippi River. The required levee heights
were adjusted to account for various hydrologic

uncertainties.

The flood elevation impacts of containing
this design flood between levees extending from
St. Louis, Missouri, to Cairo, Illinois, are signifi-
cant. For example: 1) At the St. Louis gage (RM
179.6), the existing urban height flood protection
levee would have to be raised about 5 fee~ 2) for
the Bois Brule Drainage and Levee District (RM
95.0 to RM 109.5), an agricultural design levee,
the average levee height raise would be 11 feet
and 3) at the Cape Girardeau, Missouri, gage
(RM 52.0), tbe urban protection levee and flood-
wall would have to be raised about 5 feet to
contain a flood of similar magnitude used for the
lower Mississippi River flood protection design.

Raising levees to contain tbe “urban
design flood” within the St. Louis District would
result in increased peak flows in the middle Mis-

sissippi River and could affect flood stages up to
and including the MR&T project florid level in the
vicinity of Cairo, Illinois. The evalu~ion of these
potential impacts is complex and is beyond the
scope of this analysis. However, any future
studies that consider changes in the present middle
Mississippi River levee system shnukl include the
evaluation of these downstream effects.

Case Study - Levee Setback

The UNET model was employed to
analyze the effect of an isolated levee setback on
flow conditions throughout the study reach in the
Omaha District. Setback of a levee refera to
moving the levee from the present location to a
new location which is farther from the river.
Levee setbacks are intended to increase the cross
section flow width instead of constricting the flow
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area to a narrow channel. However, the flow area
increase may be offset by arr elevated roughness
condition. The isolated levee setback analysis
illustrated how undesirable consequences may
occur on the entire system from modifying a small
section of the channel.

Tbia isolated setback location selected for
the case study was the L-550 and L-536 Federal
levee units located on the left bank of the Missouri
River between RM 542,1 arrd RM 516.3. Within

the rcrrch, Missouri River channel width averages
800 feet. Existing Federal levees are set back
from the channel between 1,000 and 3,000 feet.
Private levees have been constructed adjacent to
the Missouri River channel bank within most of
the reach. The area between the private levee and
the Federal levee is generally agricultural row
crops. In the 1993 event, L-550 levee capacity
waa exceeded for a significant period of time, with
levee overtopping for a total length of 1 to 2 miles
at a depth of 1 to 2 feet, On the morning of 24
July, the L-550 levee breached approximately 1.5
miles upstream of Brownsville, Nebraska, at RM
536.7, Levee unit L-536 did not overtop or breach
during the 1993 event. Private levees within the
Rulo overbarrk area dowrrstrcam of L-536 suffered
extensive damage arrd essentially had no constrict-
ing effect on flow during the peak flow period.

Levee setback distmrce was determined by
computing how much the water surface elevation
was lowered in the setback reach. The levee
breach at L-550 was assumed to have been di-
rectly dependent upon water surface level, There-
fore, ignoring the effects of duration and seepage,
the levee was assumed to remain intact if com-
puted water surface elevation was less than the

elevation at which overtopping occurred in 1993.
Brief iterative analysis indicated that a levee

setback distance of 3,000 feet lowered the water
surface in the setback reach so that overtopping or
breaching did not occur.

Downstream of unit L-536, the Rulo over-
bank area contains only private levees. The
downstream end of the levee setback waa selected

to provide a reasonable tie-in point and minimize
downstream impacts. For cost analysis, the
existing levee waa removed at tbe 10-percent ratio
employed within the levee removal alternative.
Construction of a new levee was asaumed along
the setback alignment.

Increasing the setback distmrce by 3,000
feet would affect roughness values within the
cross section. Estimating what cross sectional
changes would occur, such as vegetative growth,
sediment deposition, etc., is highly speculative and
was not investigated. Roughness for the area

between the existing levee and setback levee
locations may increase due tn changes in land use
which would increase stages in the area of the

setback. Unless the Missouri River bank private
levees were removed, the area between the Fed-
eral levee and the riverbank would probably
remain agricultural row crop. The possible com-
binations of land use, geometry, and roughness
changes were not examined for their effect on
computed results.

Case Study - Interior Drainage

Ifa levee does not overtop or breach, the
interior area behind the levee may still experience
extensive flooding when high stages on the exte-
rior prevent drainage structures through the levee
from removing interior runoff. An example of

this would be Hamburg, Iowa, where flooding by
the Missouri River and Nishnabotna Rker was
prevented by Federal levee L-575 and its tieback,
However, the lack of abili~ to drain the interior

area due to high stages on the Nishnabotna arrd
Missouri Rivers blocking the drainage structures
through L-575 and rainfall amounts of over 18

inches during July 1993 caused extensive flooding
to the city of Hamburg and surrounding agricrd-
tural lands. This was also the case behind many
of the Federal levees on the Missouri River.

For the varioua systemic alternatives, the
altering of the stage hydrography on the Missouri
River will affect the interior mess behind the
Federal levees. Two of the major effects will be
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restricting the outflow of drainage structures and
increasing the amount of seepage into the
overbank from the Missouri River. This is dis-
cussed in the following case studies along with tie
elimination of the interior rrrrroff through the use
of pumps.

Case Study - Drainage Structures

A case study of a typical interior drainage
structure through the Federal levee was performed
to illustrate impacts of the various alternatives on
interior drainage. Tbeinvert ofadrainagestruc-
ture through levee L-575 at RM 554,4 was com-
pared with the Missouri River stage hydrography
for existing conditions, 10percent runoff reduc-
tion and no reservoirs alternatives. This would
bracket the greatest potential change of the stage
hydrography.

The stage of the Missouri River is so great
and the duration so long that altering the stage
hydrography would not have helped or hampered
the functionality of the existing drainage struc-
turesduring tbe1993 flood. Tbedurationofflow
above the invert of the drainage structure at RM
554.4 was compared with existing conditions for
both the 10 percent reduction and no reservoirs
alternatives. Because the interior water at this
location ponded to about elevation 910, there
would have been one additional day that water
could have drained for the 10 percent reduction

alternative. Since the baseline condition was
below elevation 910 for about 25 days during
August, this would represent an increase of about
4 percent in the duration which the outlet could
have drained during the 1993 event if the inflows
were reduced by 10 percent.

Case Study - Seepage

When the Missouri River is high over an
extended period of time, seepage of water into the
levee-protected lands becomes a problem. Be-
causeseepageoccurswhen gravity drainage is not
pnssible, pumping or pending are the only altern-
atives for addressing the problem. The three

important factors for seepage are Missouri River
stages, duration of high stages, and seepage rates.

For the alternatives, the altering of the
flood hydrography would alter the amount of
seepage that may occur depending upon the
change in stage and the duration, thereby increas-
ing the amount of seepage into an interior area.
As an example, the stage increase at Rule, Ne-

braska, for the confined levees alternative was
compared to the existing conditions to determine
the maximum increase in stage and duration.
Using data obtained from the seepage analysis for
the Thurman to Hamburg study (USACE, 1993)
for Federal levee L-575, the 2-to 7-foot increase
in stage for the 20 extra days would add approxi-
mately 1,200 acre-feet of seepage into the Rulo
overbank area. This assumes a levee length of
about 35 miles(RM515 to RM 480). With an area
of about 88,600 acres and rmroff for the month of
July 1993 being well over 1 foot, this would add
less than 2 percent to the total volume of water in
the Rrdo overbank. Therefore, the negative
impact of seepage into the overbank areas caused

by increasing the stage on the Missouri River is
considered negligible.

Case Study - Pumping

The two major alternatives for removing
interior runoff when drainage structures are not
fmrctioning are pumping and/or pending. Due to

the limited extent of this study, pending or the
combination of pumping and pending was not
investigated.

One of the alternatives is confined levees
with no overtopping or breaching of the levees.
This will not allow any water from the Missouri
River to flmd the overbank behind the levee. As

an example of the amount of pumping capacity
required to remove the interior drainage rrmoff
from behind the Federal levees for the July 1993

rainfall event, data obtained from the Thurman to
Hamburg study, for Main Ditch 6, was used.
Main Ditch No. 6 is a 67-square-mile basin that
drains through levee L-575. The criterion for
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pumping is to not allow any agriculture land to be
inundated for more than 48 hours. On average,
crops that are rmder water for longer than 48 hours
are considered destroyed. Based on this criterion,
to fully remove the interior runoff from the 18
inches of rain (minus infiltration) that fell on the
Main Ditch 6 basin during Jrdy 1993, pumps with
a total capacity of approximately 4,000 cfs would
be required. While this is not practical from the
standpoint that the Main Ditch 6 charmel capaci~
is about 1,000 cfs, it does give arr idea of the
magnitude of the 1993 event and how very little
could have been done to relieve interior flooding.

To apply this to other interior areas on the
Missouri River overbank, the 4,000 cfs pumping
capaci~ was divided by tbe 67-square-mile baain
area. This would require a pumping capacity of
abmst 60 cfs per square mile of drainage area.

Within the Omaha District, the total overbank area
behind Federal levees and private levees between
OmahA Nebraska, and Rule, Nebraska, is 414
square miles. The total overbank area was multi-
plied by an additional 20 percent to account for
the runoff tlom the hills. Therefore, the pumping
requirements for the total area of approximately
500 square miles would be about 30,000 cfs. It
should be noted that interior drainage is very site
specific arrd each potential pumping site would
require a detailed study.

In conclusion, the 1993 tlcal event would
have overwhelmed any sort of pumping facilities
designed for protection of agricultural lands.
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FINDINGS

8-a) All study computations were performed
for the 1993 event only. Extrapolating conclu-
sions obtained from analysis of 1993 event
modeling may be erroneous with respect to
other events.

8-b) From a hydraulic analysis perspective, tbe
FPMA analysis illustrates that no single alter-
native provides beneficial results throughout
the system. Applying a single policy system-
wide may cause undesirable consequences at
some locations. Examination of many factors
such as computed peak stages, discharges,
flooded area extent, and depth within flooded
areas is necessary to evaluate how an alterna-
tive affects performance of the flood damage
reduction system as a whole.

8-c) The importance of evaluating hydraulic
impacts systemically is clear from the results of
the unsteady state hydraulic modeling.
Changes that affect the timing of flood peaks or
the “roughness coefficients” of the floodplain
can be as significant as changes in storage
volume.

8-d) Flood peaks may be reduced if increased
floodplain storage is provided and flood peaks
may increase if storage volume is reduced (ag.,
by levees constricting the river). However, the
timing of flows from tributaries, or tbe effects
on timing of flows due to increased storage, can
be just as important, along with the “roughness
coefflcienta” of the floodplain.

8-e) Levee profile surveys of all Federal levees,
an inventory and profile surveys of all private
levees, and a databaae on interior drainage and
ponded areas area prerequisite to being able to
further advance the reliability of bydraufic
modeling.

8-9 Some levee areas along tbe Mksonri River
experienced flood damage in the 1993 event as
a result of the long duration of precipitation

and flooding, exceeding the design standard of
interior drainage facilities. Problems with
interior drainage facilities also included sedi-
ment deposition, erosion, and deterioration of
the structures since construction.

S-g) Hydraulic routings assuming agricultural
levees are removed show that, with continued
farming in the floodplain, 1993 stages would be
reduced an average of 2 to 4 feet on the Mksis-
sippi River in the St. Louis District. If this area
would have returned to natural forested condi-
tions, most of the system would still have shown
reductions in stage (up to 2.8 feet), but in-
creases in stages by up to 1.3 feet would afso be
seen in a few locations. In the Kansas City
District, bydrardic modeling shows changes in
stages of -3 feet to +1 foot for no levees with
agricultural use and -3 feet to +4.5 feet with
forested floodplains.

S-h) If the agricultural levees along the upper
and middle Mississippi River had been raised
and strengthened to prevent overtopping in the
1993 event, the flood stages on the middle
Mksissippi River would have been an average
of about 6 feet bigher. Likewise, raising the
levees to prevent overtopping on the Mksouri
River would have increased the stage by an
average of 3 to 4 feet, with a maximum of 7.2
feet at Rule, Nebraska, and 6.9 feet at Waverly,
Missouri.

8-i) Although the Agricultural Levees Re-
moved alternative with continued agricultural

w of the floodplain shows the greatest stage
reduction, exposure to flooding under this
alternative is increased in the existing agricul-
tural leveed areas. Rkk of flooding at urban
areas was shown to decrease or increase, de-
pending upon impacts caused by factors such
as bydrograph timing.

8-j) Although the Agricultural Levees Re-
moved alternative with natural flood dains
shows the least stage reduction, exposure to
flooding under this alternative is decreased
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because the existing agricultural leveed areas
would no longer exist. Risk of flnoding at most
urban areas would remain the same for this
alternative..

8-k) Modeling results demonstrated that
agricultural levee removal does not always
provide nniform stage and discharge reduction.
When levees are overtopped, they act as deten-
tion dams, skimming volume off the peak
portion of the hydrograpb. When levees are
removed, tbe flow continues downstream in the
enlarged floodway. As a result, higher flows
may be experienced downstream at critical
facilities and urban areas, causing increased
stages at these locations.

8-1) Hydraulic modeling has shown that local-
ized levee setbacks can increase flood stages
downstream by creating a new bottleneck and
that a forested floodplain can increase stages
similar to a levee constriction.

8-m) Hydraulic modeling of reducing the
runoff from the upland watersheds by 5 and 10
percent predicted average stage decreases of
about 0.7 foot and 1.6 feet, respectively, on the
upper and middle Mksissippi River and about
0.4 foot and 0.9 foot, respectively, on the lower
Mksouri River. However, wetland restoration
measures alone would not have achieved this
level of runoff reduction for the 1993 event
besanse of the extremely wet antecedent cmrdi-
tions. Restoration of upland wetlands wonld
produce localized flood reduction benefits, bnt
would have little effect on main stem flouding
cansed by the 1993 event.

S-n) Wetlands may reduce local flooding in the
uplands by up to 25 percent where contributing
areas are small. Restoration of such wetlands
would not have affected flooding in the lower
floodplain reaches for the 1993 event because
most depressional areas were already full of
water throughout the watershed, as normally
occurs during major flood events.

8-o) The potential to reduce flooding with
further upland measures varies. In the water-
sheds that contributed the greatest percentage
of runoff, wetlands and revised agricultural
practices would have had minimal effect for the
1993 event. Major structural flood control
storage reservoirs would be required to achieve
the additional 10 percent volnme reduction
used for the analysis.

8-p) Severaf of the olternativea aftered
hydrography timing. A complete evaluation is
required prior to implementing any alternative
to investigate performance for a variety of
events with different inflow characteristics.

8-q) Re.srdtx of the levee removnf aftemative
illustrated that alf model resrdts which deter-
mine a stage and discharge reduction are
extremely dependent upon assumptions re-
garding floodplain use and flow roughness. A
change in channel or overbank rongfrness
from the conditiom assumed may significantly
after computed rcsnfta.
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CHAPTER 9- EVALUATION OF “ACTION ALTERNATIVES “

The “Action Alternatives” have previ-

ously been defined as those alternatives that
would affect the hydrologic and hydraulic condi-
tions in the floodplain. The alternatives being
evaluatedsre shown below. Each of the action
alternatives will he evaluated for the same impact
categories as was done with the policies and
programs in Chapter 7, which assumed those
measures were in place at the time of the Mid-
west flood of 1993.

It is certainly understood that none of
these action alternatives would likely be appro-
priate or implementable for entire river rcacbes.
The analyses are intended to bracket the impacts
of a single alternative at a time, to provide in-
sights into which alternatives have the most merit
for certain conditions and may best be combined
with another alternative or a pOlicy/progmm
change to optimize use of a specific section of the
floodplain. This assessment was not able to
analyze combinations of alternatives or altern-
atives With various scenario measures as a back-
drop. These types of analyses would be helpful
prior te implementation of changes to floodplain
policies or the development of a recommended
plan for any portion of the floodplain.

The location of the discussion in this
chapter for each of the alternatives is noted.

Agricultural Levees
K - Limited Floodfigbting (page 9-2)
L - Removing All Agricultural Levees

(page 9-6)
M - Setting Back Agricultural Levees

(page 9-1 1)
N - Establishing Unitbrm Height Levees

(25-year Frequency) (page 9-16)

O - Raking Levees Above the 1993
Flood Levels (page 9-20)

Urban Levees
P - 500-year Protection (page 9-24)

Critical Facilities
Q/R - 500-Year Protection for Critical

Facilities Sites (page 9-38)
Upland Retention/Watershed Measures

S - Removing Existing Reservoirs (page
9-39)

T - Added Reservoira (page 9-46)
U - Revised Operation of Reservoirs

(page 9-5 1)
V/W - Reducing Upland Runoff by 5 or

10 percent (page 9-52)

The five Corps of Engineers Districts ad-
dressed those action altemativesthat had the most
relevance in their District due to the size of the
1993 flood, dre current use of the floodplain, and
regional issues in their District. The letters “K
through W“ on the above list also represent the
columns of each alternative ex-snrined for impact
assessment in each District’s matrix table, as
found at the end of this chapter and again, with
footnotes on the cell entries, in Attachment 5 at
the end of the main report. Cell entries in the
matrix tables show the ~ 1changes from
the 1993 flood base condition that could be
expected. Further details of this evaluation are
provided in the Evaluation appendix (Appendix
B) to this report.

There were no systemic hydraulic rout-
ings performed relative to this alternative, but the
analyses are based on paat experience relative to
floodlight efforts in the Rock Island and St. Louis
Districts,
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ALTERNATIVES ADDRESSED BY RESPECTIVE DISTRICTS

District Action Alternatives

ff L HIJQp

Omaha Xxxx

Kansas City Xx xxx

St Paul x

Rock Island Xxx xxx

St Louis Xxx xxx

Implementation of a plan to limit flood-
lighting in certain areas due to the adverse effects
it may have on others has legal ramifications and
would require agreements between all parties
prior to the flood event. Continued discussion
regarding a uniform policy on floodtighting
hehveen States is essential, since modem con-
struction equipment is likely to increase the
abili~ to raise levees in an emergency situation,
increasing hydraulic impacts on others. The
estimated change in impacts from those actually
experienced at tbe time of the 1993 flood are
noted in Column K of the matrix tables at the end
of this chapter.

[Rock Island District Discussion - “Limited
Flood Fkhtinrz”)

Background. Considerable resources
were expended on agricultural levees fighting the
Midwest flood of 1993. The agricultural levee
floodtight consisted of the following activities,
Costs are summarized in Table 9-1.

a. Structural Floodtigbt - Measures were
taken to maintain the structural integrity of the
base levee. Typical actions include uderseepage
control by constmcting a ring of sarrdbags around
boils arrd backslope treatment for levee tbrough-

seepage on sand levees. Structural floodlighting
would continue to be perfomred as a necessary
emergency measure to protect life, property, and

Q B s TUYE

x xx

x

x xx

Xx xxx xx

xxx xx

safety. Measures include tilling and placing
2,500,000 sandbags and placing 2,500 rolls of
100-foot polyethylene sheeting.

b. Levee Elevation Floodfight - As the
flood of 1993 was projected to rise above the
elevation of the base agricultural levees, actions
were taken by tbe Levee and Drainage Districts
to raise the level of protection. Levees were
usually raised by using sandbags or pushing up
the landward side slope with a bulldozer. One
drawback of the push-up method is that it weak-
ens the levee by reducing its cross section stabil-

ity. Measures include filling and placing
7,500,000 sandbags and placing 7,500 rolls of
100-foot polyethylene sheeting.

c. Levee Grade Restoration - Agricultural
levees that were elevated during the emer-gency
floodtight had to be restored to their original

dimensions, The pushed-up material was re-
graded to restore tbe original section.
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Table 9-1
Floodplain Management Assessment

Floodfighting Costs for Agricultural Levees (1)
Mksissippi River - Muscatine, Iowa, to Hannibal, Missouri

Category cost ($000) Total ($000)

Structural Floodtight
Labor
Travel
Floodlight Supplies/Distribution
Overhead
Equipment Rental Contracts

Sandbags
Procurement -2,500,000 Sandbags
Fill and Place Sandbags

Polyethylene Sheeting
Procurement -2,500 Rolls
Place Polyethylene Sheeting

Miscellaneous
Levee Elevation Floodfight

Sandbags
Procurement -7,500,000
Fill and Place Sandbags

Polyethylene Sheeting
Procurement -7,500 rolls
Place Polyethylene Sheeting

Push Up Levee Backslope (2)

Levee Grade Restoration
Regrade Levee (3)

1,190.0
118.0
125.0
217,0
694.0

653.0
1,880.0

76.0
625.0
235.0 5,810.0

1,960.0
5,630.0

229.0
1,880.0

13,700,0
23,400.0

13,700.0
13.700.0
42,900.0

Sources: The Great FIoodof1993 Post-Flood Report, Upper Mississippi River Basin, Appendix B, U.S.
Army Corps of Engineers, Rock Island District, September 1994, Table 30, including staff assessment of

costs to study area.

Notes:
(1) Thetrue costs of theagricultural levee floodlight cannot beaccurately calculated duetoa lack of
documentation. Theabove tiblereflects areasonable estimate of themagnitude of thecosts.
(2) Levee push-ups typically ranged from3t05 feet. Notalllevee amidrainage districts usedpush-ups for
the floodtight.
(3) Regrade levee topre-flood configuration.
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Continue Existing Fkmdfighting Prac-
tices. Floodlighting would continue undertbe
present setofpractices. Actions would betaken
to mnintain the structural irtegrity of agricultural
levees. In cases wbere flood levels were pro-
jected to rise above the base levee elevation,
sandbags arrd push-ups would be accomplished
bytbe levee asrd drainage districts to prevent
overtopping. Federal, State, and local govem-
menta would continue to fund the floodfight at a
level suflcient to accomplish the necessary
emergency measures.

Limit Emergency Response to Agri-
csrltnralhxwea.. Alimited response plan would
maintain floudfighting for structural integrity, but
would eliminate arrylevee raises. Levees would
overtop more often tharr presently is the case.

Restrict Floodfighting to Pre-Ap-
proved Levees. Actual experience from tbe

Midwest flood of 1993 shows that most flood-
fighting costs were attributed to Federal levees
arrd levees in the Corps of Engineers adminis-
tered Public Law 84-99 inspection program.
Categories most likely to attain a pre-approved
status for floodlighting would be: (l) Federal
levees mrd (2) Public Law 84-99 eligible levees.
Relatively few resources were expended on non-
Federal, non-Public Law 84-99 eligible levees
during the fluudof1993. llrerefore,ther eislittle

opportunity for savings by restricting flood.
fighting to pre-approved levees.

Hydrology and Hydraulics. UNET
simulation of this alternative showed that the
effects of prohibiting levee raises during flood-
lighting operations were most prominent at the
dowrrstream end of tbe Rock Island District.
Upstream of La Grange, Missouri, reductions in
stage were generally 1 foot orlessaa the 1993
observed flood profile was below tbe design
crown of the levees in many cases. However,
below Quincy, Illinois, stages were reduced by as
much as 3 feet. Some of that decrease in stage
cmr be attributed to tbe failure of the middle cell
of the Sny Levee and Drainage District wbicb
protects 58,700 acres, That levee cell failed

durisrg the UNET simulation of the no floodtight
alternative butdidnot fail during the 1993 flood.

Floodlighting casr also change the timing
at which failures occur. The effects that timing
of levee failures have on river stages can be
significant. Table 9-2 shows the impact of flood-
lighting levee raises on water surface elevations
at a few key gages within the Rock Island Dis-
trict.

Cultural Resources. Floodfighting that
prevents overtopping has mr obvious positive
impact on historic stmctmes in the-floodplain. It
cmr also prevent damage to archaeological sites
that occurs from erosion in the vicinity of levee
breacbes. Negative impacts of floodlighting on
archaeological sites are fairly minimal because
activity is limited to dre exist-ing disturbed levee
right-of-way, however, adverse impacts cars be
significant when equipment staging areas are
placed in nearby fields. In general, floodlighting
impacts are judged to be quite positive for both
historic structures and archaeological resources

compared to operating the existing system with-
out flood fighting (-s.....o+s)~.+s). (The rating re-
flects the degree and nature of the potential
archaeological or historical impacts as rated on a
scale of-5 to +5.)

@ t. Louis District Discu ssion - “Limited
Floodfirhtirw”)

Background. St. Louis District did not
specifically identi~ values for inclusion in the
matrix table for “Limited Floodfigbt” in this
Floodplain Marragement Assessment. However,
significant resources were expended on agricul-
tural rmd urbarr levees floodlighting in 1993
within the St. Louis District, and useful ex-

perience has been gained. Therefore, some
general observations mrd concerns regarding
“Limited Flcodfightiirg” have been identified for
the St. Louis District area to provide a useful
insight baaed on the experience of an area signifi-
cantly involved in floodlighting efforts.

9-4



Table 9-2
Floodplain Management Assessment

Impact of Floodlighting Agricultural Levees Raises
Mississippi River - Muscatine, Iowa, to Hannibal, Missouri

No Floodlight Levees

Location 1993 Computed WSEL* Elevation

FMusca
R,,.l in,

Difference in Feet

tine, Iowa 556.0 0.0

_-A ....gtOn. Iowa 536.4 -0.8

Quincy, Illinois 490.0 -2.7

Hannibal, Missouri 476.0 -2.9

● Water Surface Elevation

Two reports have been prepared discussing in

detail 1993 St. Louis District floodlight etlwts as
follows

1, “Afier Action Repoz Midwest Flood
of 1993, THE GREAT FLOOD OF ‘93,” March
1994, prepared in compliance with Engineering
Regulation 500-1-1, U.S. Army Engineer District,
St. Louis.

2. “THE GREAT FLOOD OF 1993
POST-FLOOD REPORT, UPPER MISSISSIPPI
RfVER BASIN,” APPENDIX C, ST. LOUIS
DISTRICT, September 1994.

Reference 1. above indicates (pages 65-
67) that total flood danrages in St. Louis District
(as of June 1994) were $1,387,000,000 and total
flood damages prevented by levees, floodwalls
and reservoirs were $5,401,000,000. Were it not
for the successful operation of existing levees,
floodwalls and reservoirs, along with the incre-
mental increases in the levels of protection
achieved through emergency levee raises and
maintenance of levee and floodwrdl integri~, the
flood damages in St. Louis Distiict in 1993 would
have been $6,788,000,000 or 4.89 times greater
than what actually occurred. The signi-ficant
economic benefits of flood protection projects
and emergency floodlighting efforts are only the
“tip of the iceberg” when family, societal and

community stability impacts are evaluated. The

economic and social worth of securing and
enhancing the utility of the existing levees,
floodwalls and reservoirs in St. Louis District
was demonstrated by the 1993 flood event.

Reference 2. above presents 16 issues
and problems experienced before, during and
following the 1993 flood event as “LESSONS
LEARNED.” Two of those lessons learned have
relevance to the discussion of limited flood-
lighting, so those issues, discussions and recom-
mendations are identified as follows:

1, 1~ 1: “Deciding When to

Cease Floodlighting Efforts.”
Discussion No. 1: “Criteria need to be

develnped on what stage or elevation to cease
Corps floodlight assistance in certain areas where
there is a safety concern or when the economic
value of the effort is questionable. ” RS!X20k
mendation No. 1: “While it is doubttld that local
floodlight efforts would cease, written criteria
would permit the uniform procedure for the
termination of Corps assistance. It would also
permit the uniform explanation of withdrawing
Corps assistance to State and Federal officials
who would be contacted by local officials. This
could also help in removing tbe difficulty in
explaining the authority to spend large sums of
money for floodlighting and not having the
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authority to fund increases in the level of flood
protection.”

2. Issue No. 6: “Comprehensive Upper
Mississippi and Illinois Rivers Flood Plans.”

Discussion No. 6: “The 1993 flood
proved the lack of such a plan for both rivers.
The concerns of Iucal officials increased over the
ability to react with an overall plan in place or
reacting on an area by area basis.”

Recommendation No, 6: “Local interests
and the Corps should work together to pursue the
necessary legislation and funding required to
prepare a plan for each basin.”

Analysis of “Limited Floodlighting.”
It is important to recognize that the

authorized mission assignment of the Corps of
Engineers during nationally declared flcod disas-
ters is to minimize flood dmrragesand the loss of
life. This flood disaster mission assignment is
very different from the regular Corps water
resources mission. The Corps mission assign-
ment for other tharr flood emergency actions
requires significant reliance on economic effi-
ciency criteria, which do not seek to obtain the
mazimum reduction in future flood damages,
Instead, the normal approach to flood damage
reduction is based on recommending the level of
flood protection that mazimizes net National
Economic Development benefits. This approach
seeks to identi~ the “optimum” level of flood
damages that can be prevented. This means that
there can be significant flood damages remaining
after project completion. The possibili~ of
limiting floodlighting efforts is more reflective of
the normal Corps project evaluation process than
it is of tbe authorized Corps flood emergency
mission. The rationale for this approach, from a
systemic perspective, is that it considers the
possibility that limiting floodfighting at some
locations may lead to substantially greater avoid-
ance of damages at other locations.

Some means to integrate floodfighting
efforts for existing flood damage protection
projects into a more efficient system would be

useful. Arr integrated floodfighting system could

address damage reduction needs that are compati-
ble with floodplain ecosystem functions and
which recognize the economic, social well-being,
safety, arrd environmental consequences (includ-
ing residual risks), and the needs of less affhrent
floodplain occupants. The lower Mississippi
River enjoys a more uniform approach to flood
control aad floodfighting through the efforts of
the Mississippi River Commission,

Summary of “Limited Floodlighting.”
The 1993 flood provided a demonstration

of the economic value mrd significant societal
worth of the existing system of levees, floodwalls
and reservoirs, along with emergency flood-
lighting efforts. Preparation of a fully coordi-
nated and comprehensive plan for conducting
future floodlight efforts, which includes consider-
ation of when to cease or limit Corps floodtight
assistance, would be a valuable tool for improv-
ing future flood responses.

REMOVING ALL AGRICULTUIUL

LEYE.ES

The alternative of removing all agricul-
tural levees was evaluated as a systemic hydrau-
lic model on the Mississippi and Missouri River

main stems. The Omaha, Kansas City, Rock
Island, and St. Louis Districts have provided an
evaluation of the impacts of this alternative. The
estimated changes in impacts from drose actually
experienced at the time of the 1993 flood are
noted in Column L of the matrix tables at the end
of this chapter.

@ maha District Discussion - “Removin~ all
APrimrltural Levees”)

Introduction. For this alternative, all
agricultural levees were removed. Hydrologic
analysis was performed for both natural and
agricultural conditions within the floodplain am.
Two options were considered: complete removal
of the existing levees or removal of 200-fOOt
sections every 2,000 feet.
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Change in Stages. Levee removal
provides a means of reducing computed stages.
Stage reduction is extremely dependent upon
floodplain use which was shown by results from

the agricultural and natural conditions, Stage
reduction generally varied from -3 to -4.5 feet for
the agricultural condition and from -0.7 foot to -
2.3 feet for the natural condition. Peak discharge
reduction only varied by approximately -10,000
cubic feet per second (cfs) for the agricultural
condition and varied from -20,000 cfs to -40,000
cfs for the natural condition.

At Rule, Nebraska, the existing private
levees were non-effective and severely damaged
in 1993 to the extent that tbe floodplain was

essentially a “no levee” condition. Comparing
model results to the actual 1993 stages, the model

stage was -1.3 feet !COKSXfor the agricultural
condition and +2.0 feet wr for the natural
condition. Results at Rule, Nebraska, illustrate
that the model results for agricultural and natural
conditions bracket the actual stage and provide a
reasonable basis for expected results in a “no
levee” condition.

Change in Flood Damages. To remove
the Federal agricultural levees would have added
over $71 million damage to the 1993 flood im-
pact to Omaha District.

Change in Government Expenditures.
Government expenditures for emergency re-
sponse, disaster assistance, and Federal Crop
Insurance Corporation (FCIC) and National
Flood Insurance Program (NFIP) indemnities
were estimated to increase by over $52 million.
A portion of the indemnities would be prepaid by
participants.

Change in Value of Floodplain Re-
sources. Real estate values could be significantly
decreased because of lower expected future
income-producing capacity. The effect could be
extremely large and very burdensome to affected
landowners, communities, businesses, local
taxing authorities and others. The decreases in

value and any costs of dislocation, relocation, mrd
mitigation would show up partly as financial

costs and partly in decreased economic activity in
the area. To estimate the total change in value of
floodplain resources is beyond the scope of this
assessment and requires an analysis of annualized
costs and benefits. This is discussed in the
section on sensitivity of results at the end of this
chapter.

Change in Risk. Several small towns,
railroads, and highways including I-29 would be
permanently more vulnerable to flooding as
would a very large number of acres of extremely
good cropland.

Change in Environmental and Crdtur-
al Resources. Levee removal would have an
overall positive impact on marry aspects of the
environment. If it were assumed that currently
marginal cropland (wet at least 2 out of every 5
years, for example) would revert to natural
conditions, it could change to wetlands, riparian
grassland, and perhaps eventually succeed to
riparian forest. This would restore the habitat
diversity of the floodplain as well as maintaining
the early successional stages of the floodplain
ecosystem, which would benefit the species that
inhabit the floodplain.

Agricultural levee removal would have a
negative effect on cultural resources due to
increased flooding and the potential disposal of
spoil on prehistoric or historic sites.

Implementation Costa. To remove
sections of the existing levee would cost about

$8.5 million. To remove the levee completely
would cost close to $92 million. Costs of envi-
ronmental and cultural mitigation, relocation of
residents or businesses, and effects on local
schools, communities, and relevant taxing audror-
ities were not quantified for project costs.

Summary. River stages are decreased,
but higher flows may be routed downstream.
Obviously, large areas that had been protected by
levees, including agriculture, small towns, irrfra-
structure, and critical facilities, would now be
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flooded. Environmental benefits, on the other
hand, cmdd be considerable. Depending on what
was allowed to grow in the floodplain, whether

the existing channel was maintained, and sedi-
mentation, conveyance could actually decrease.

QCmrsas Citv Distn “et Discrsss ion - “Removr “ng

all A!ms“cultural Lev ees”)

This action akemative assumes that
Federal snd non-Federal agricultural levees we
removed, and levees identified as urban levees
remain in place.

Change in Stages. The analysis of this
alternative includes two sets of changes in stage
dependhrg on whether crop production is con-
tinued in the overbank flooded areas or whether
overbrmk flooded areas have been allowed to
return to “natural conditions”; e.g., trees in the
overbarrks.

Assuming continued crop production in
the ovcrbsnks, all reaches except Hermmm would
have reductions in 1993 flood elevations of 0.1
foot to 3.0 feet. The 1993 flood elevation would
increase by about 1 foot in the Hermmm reach.

Assuming trees in the overbsnks, three of
the five reaches would have reductions in 1993
flnod elevations (-0.7 foot to -2.9 feet). The
Boonville and Hermsnn reaches in the dowrr-
stresm portion of the Missouri River, however,
would experience higher 1993 flood stages (in-
creases of 1.8 feet and 4.6 fee\ respectively).

Change in Flood Damages. Removing

agricultural levees and assuming crops in the
overbanka may reduce residential flood dsmages
sn estimated 7 percent mrd Other Urbmr flood
dsmages by about 10 percent. Approximately six
communities would no longer flood due to re-
duced stsges and because an urbmr levee that
overtopped in 1993 would not overtop under this
alternative. However, an estimated three new
communities would be flooded because they are
protected by agricultural levees that did not

overtop in 1993 but are removed under this
alternative. Other communities would stil flood,
but in four of the reaches, dsmages are sssumed
to be lower because stsges are lower. In the
Hermsmr reach, dsmages would be bigher due to
the increased stsge.

If it is assumed tJrat the overbsnk flooded
areas have been allowed to return to “natursl
conditions: Residential flood damages might be
reduced by about 2 percent and Dther Urban
dsmages by about 6 percent. with this assump
tion, an estimated five communities would no
longer flood and three communities not flooded
in 1993 could now have flood damage. Other
communities in the St Joseph, Kansss City mrd
Waverly reaches in the upstream portion of the
District would still flood but may have reduced
dmrrages because of reduced stages. Communi-
ties in the Boonvilb and Hermmm reaches in the
downstream nrea would experience incressed
1993 floed damages because of increased stages.

Assuming continued crop production in
the overbmrks and with agricultural levees re-
moved, Agricultural mrd Other Rural damages
are estimated to increase by about 2 percent be-
cause crop acres flooded would incresse by about
15,900 acres. If the assumption is made that
some of these crop acres would revert to “natursl
conditions” (environmental use) because they no
longer have protection from levees, then 1993
Agricultural mrd Other Rural flood dmnages
would be expected to increase by less than 0.5
Pwcent. This estimate assumes that abeut 12,700
crop acres might revert to environmental use mrd
no longer be used for crop production. Fewer

crop acres farmed would mean decreased crop
damages, but with this assumption, there is still
an overall net increase in crop acres flooded of
about 3,200 acres.

Change in Government Expenditurea.
Emergency response costs are expected to de-
crease overall because of reduced stages rmd
decreased floodfigbt costs. An insignificant
change would be expected in agricukuml diaastsr
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relief costs because of the low (2 percent) to
insignificant (0.5 percent) increase in crop dam-

ages under this alternative. Disaster relief costs
relating to human resources ceuld be expected to
experience a low decrease based on the expected
decreases in Residential and Other Urban dam-
ages. If agricultural levees are removed, more
people may buy floed insurance. Although
damages and thus National Flood Insurance
Program payouts may decrease, the additional
properties covered could offset the reduction due
to decreased danrages. If agricultural levees are
removed and crop production continues in the
overbanks, more farmers could be expected to
purchase crop insurance. Thus, with slight to low
increases in 1993 crop damages, and with more
farmers covered by crep insurance, an increase in
FCIC payouts could be expected with this alter-
native.

Change in Value of Floodplain R-
sources. With agricultural levees removed, the
market value of crop acres affected could be
reduced by abeut 20 percent overall. This esti-
mate is baaed on an estimated change in value per
acre for about 127,000 crop acres that used to
have 100-year flood protection from Federal
agricultural levees and now are unprotected; and
for about 565,000 crop acres that used to have 5-
to 25-year protection from non-Federal agricul-
tural levees and now are unprotected. With the
assumption of trees in the overbank flooded
areas, net agricultural product would be drasti-
cally reduced since crops would no longer be
produced on these acres. This would be some-
what offset by the value of use of the land for
environmental pmpeses. Urban real estate values
for acres affected cuuld also be reduced about 20
percent overall. This is baaed on an estimated
change in market value of land for the more than
12,000 other (non-crop) acres that are no longer
protected by agricultural levees, and offset by
increased land values in communities no longer
flooded.

Change in Risk. No change is expected
in the number of critical facilities that would be

damaged with this alternative. Lack of detailed
information about these facilities precludes a

more detailed estimate. An estimated 2 percent
decrease in the number of communities vrdnera-

ble is based on estimates of communities that no
longer flood less new communities flooded with
this alternative. The number of people who are

vulnerable would also decrease baaed on the
estimated decrease in communities flooded. The
estimated 7 percent decrease in the number of
residential structures flooded is based on rough

estimates of structures in communities that no
longer flood and structures in communities that

could now flood with this alternative.

Other Implementation Costa. Remov-
ing agricultural levees and leaving cropland and

other (non-crop) land unprotected could necessi-
tate compensating landowners for any resulting
decline in property values. More than 127,000
crop acres and nearly 5,200 other (non-crop)
acres that were protected by 100-year Federal
agricultural levees are without protection under
this alternative. Approximately 565,000 crop
acres and more than 7,oOOother (non-crop) acres
that were protected by 5- to 25-year non-Federal
levees are no longer protected with this altern-
ative. Decreases in property values could signifi-

cantly affect local economies and tax bases.
Implementation costs would be high with this
alternative.

Summary of Removing Agricultural
Levees. Examination of the action alternatives in
the Kansas City District reveals that removing
agricultural levees would have had a zero to 10
percent change in the flood danrage impact
categories as a result of the 1993 flood event.
The change in Government expenditures and
reduction of risk impact categories would have

been minimal. Under thk alternative, the market
value of floodplain real estate affected by the

1993 flood would be reduced about 20 percent.
A positive aspect of levee removal is that there
could have been approximately 13,000 additional

acres of established forested and non-forested
wetlands within the lower 500 miles of the Mis-
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souri River floodplain. It must be understood that
the trade-off for this environmental benefit would
be the loss of crop production. The construction
cost of this alternative would be approximately

$16.4 million plus significant compensation to
landowners for the change in property values and
the costs for acquisition of agricultural acres from
willing sellers for conversion to wetlands,

(Rock Island District Discussion - “Removing
all Amicultural Levees”)

One alternative to reduce flood damages
would be to permanently remove 419 miles of

agricultural levees in 19 levee districts. The
levees protect 354,000 acres from flooding on the

Mississippi River and tributary streanrs. Pernra-
nent removal would involve degrading 2,200
100-foot sections of levee. Sections would be
removed every 1,000 feet, allowing floodwaters
to enter the area unimpeded.

Each lock and danr site would have tn be
evaluated to deternrine whether modifications to
the Federal project would be required if all agri-
cultural levees were removed.

The environmental option would irwolve
purchasing 354,000 acres in fee title. Wetland
plants would be established on 240,000 acres,
and forest plants would be established on 80,000
acres. The remaining area would be inundated by
normal river levels.

The agricultural production option would
involve purchasing 354,000 acres of flood ease-
ment. The land would remain in agricultural
production.

Cultural Resources. This is judged to
have an extremely negative impact on historic
stmctures in the floodplain (5.9., ?.,.. .+5). in-
creased flood frequency would result in increased
deterioration of stmctures, accompanied by
accelerated rates of abandonrrrent and demolition.

Although the impacts to archaeological
sites are more varied, the consequences of perma-

nent levee removal on these resources are judged
to be strongly positive (-s..,..,. +~+s)s).

~1
Amicultural Levees”)

This action alternative assumes that all
Federal and non-Federal agricultural levees are
removed, with urban levees left in place.

Change in Stages. The analysis of this
alternative includes two sets of changes in stage
depending on whether crop production is contin-
ued in the overbank flooded areas or whether
overbank flooded areas have been allowed to
return to “natural conditions”; e.g., trees in the
overbanks.

a. No Agricultural Levees with Con-
tinued Agricultural Use. The simulation was

perfornred with agricultural growth within the
overbank area. Factors affecting conveyance
were not evaluated in detail. For example, re-
moval of the levee would not result in an effec-
tive flow width equal to the entire valley width.
Physical factors such as channel meandering,
vegetation, topography, stmctures such as roads
and railroads, and other components will restrict
effective flow width to a value much less than the
cross section width, Various forms of land use
witbin the overbank such as famring habitat will
have considerably different roughness values,
Levee removal will remove channel constraints
such that channel meandering and overbank
sediment deposition may actually reduce convey-
ance.

The systemic results for this alternative at
the stream gages are displayed in the Hydraulics

appendix (Ap~ndix A). The average peak stage
reduction from Lock and Dam 22 to Lock and
Dam 26 is 2.2 feet, and from the St. Louis, Mis-
souri, gage to the Cape Girardeau, Missouri, gage
is 4.9 feet on the Mississippi Rh’er. Tbe average
reduction in stage on the Illinois River is 2.2 feet
and on the Missouri River is 0.9 foot. The
change in the hydrography because of this alter-
native is shown on plates in the Hydraulics
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appendix. The levees removed on the Mississippi
River, Illinois River and Missouri River are
displayed in tables in the Hydraulics appendix.

b. No Agricultural Levees with Natu-
ral Growth. For this alternative, all agricultural
levees were removed and the overbanks were
replaced with natural growth. This natural

growth would include a combination of wood-
lands, heavy vegetation, and wetlands. The
systemic results for this alternative of removing
levees with natural growth are displayed in tabkw

in the Hydraulics appendix. The average peak
stage increase from Lock and Dam 22 to Lock
and Dam 26 is 0.1 foot, and the average stage
decrease from the St. Louis, Missouri, gage to the
Cape Girardeau, Missouri, gage is 0.4 foot on the
Mississippi Rker. The average increase in stage
on the Illinois River is 0.6 foot and on the Mis-
souri River is 2.3 feet. The change in the hydro-
~aphs because oftfris alternative is shown in the
Hydraulics appendix.

Change in Flood Damages.

a. No Agricultural Levees with Con-
tinued Agricnltnral Use. The difficulty in
assessing this alternative is the accuracy in pre-
dicting what the agricultural setting would be
without agricultural levee protection. Further-
more, the many rural farming communities may
no longer continue to exist in the absence of
levee protection. There may be huge social costs
involved with the loss of local tax revenue to
maintain adequate schools, roads and other
essential services. The critical legal and institu-
tional issues associated with this alternative

appear tO make it impossible to implement, An
estimated $93 million decrease in economic
damages (6 percent of the base condition) is
associated with removing agricultural levees and
assuming continued agricultural floodplain use.
However, structural and other implementation

costs, primarily real estate, are estimated to be
$1.6 billion. In addition, there is an estimated

$255 million in lost agricultural productivity.

b. No Agricultural Levees with Natu-
ral Growth. This action alternative wcsdd result
in the elimination of agricultural productivity in
the Mississippi River floodplain. The impacts of
such an alternative would be extensive. Social
costs including the basic elimination of local tax
revenues and any need for schools and other
public services are difftcult to imagine. The 1993
agricultural flood damages would be eliminated
with this alternative, at the cost of terminating
the annual agricultural productivity in perpetuity.

Summary of Removing All Agricul-
tural Levees. Examination of this action altern-
ative in tbe St. Louis District is critically depen-
dent on the assumption of what fiture land use
would occur after removal of all Federal and non-
Federal agricultural levees, Under the assump-
tion that agricultural pursuits would continue
after levee removal, the trade-off of agricultural
productivity in perpetuity for environmental
benefits is not as severe as the case when agricu-
ltural pursuits are terminated. In either case, the
social costs and disruption to community affairs
would be so significant as to seriously question
the practicality of this action alternative.

SETTING BACK AGFUCULTUIUL
LEVEES

The alternative of setting back all agri-
cultural levees was evaluated as a systemic
hydraulic model on the Mississippi and Missouri
River main stems. The economic, environmental,

and risk impacts were not evaluated for this
systemic hydraulic modeling however, brief
discussions are provided in this section by the
Omahaj Rock Island, and St. Louis Districts. The
Omaha District has provided the results of an
evaluation of this alternative on the impact study
reach starting at River Mile (RM) 600.0 on the
Missouri River. The Kansas City District has
provided the results of an evaluation of this
alternative on an impact study reach between
Rule, Nebrask~ and St. Joseph, Missouri, on the
Missouri River. The estimated changes in im-
pacts from those actually experienced at
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the time of the 1993 flood are noted in Column M
of the matrix tables at the end of this chapter.

@ maha District Discussion - “Settinu Back
Amicultural Levees”)

Introduction. All agricultural levees
south of the urban levees at Omaha, Nebraska,
and Council Bluffs, Iowa, (RM 600.0) were set
back to study the systemic hydraulic effects of
this alternative. Levee setback distmrce was set
to attain a minimum flow width of 5,000 feet
between the levees.

A case study was also performed to

evaluate the economic, environmental and risk
impacts associated with an isolated levee setback.

Levees L-550 and L-536 were set back just far
enough that L-550 would not have been breach-
ed, as it was in 1993. This distance was deter-
mined to be 3,000 feet.

Change in Stages. Results from the
setback alternative illustrate the undesirable
effect of causing downstream impacts while
prnvidmg beneficial results to the lncal area. The

levee setback starting at RM 600.0 reduced stages
within the reach from Omaha to Brownsville
which ranged from -0.4 foot to -1.4 feet. How-
ever, at Rule, Nebraska, there was an overall
increase in stage of 1.0 foot because the levee
setback altered the failure of the private levees.

Change in Flood Damages. By setting
back L-550 and L-536 an additional 3,000 fee~
nonfailure was accomplished in the case study
model. Savings amounted to almost$13 million.

Change in Government Expenditures.
Government expenditures for emergency re-
sponse, disaster assistance, aod FCIC and NFIP
indemnities were estimated to decrease by over
$13 million in the case study mndel. A portion of
the indemnities would be prepaid by participants.

Change in Value of Floodplain Re-
sources. Real Estate values may benefit slightly

behind the levee and suffer in the newly rmpro-
tected area.

Change in Risk. The risk to people,
residences, communities, and critical facilities
protected by the levee would be reduced. The
risk in unprotected areas and areas downstream
would increase.

Change in Environmental and Cultnr-
al Resources. By setting back levees, some
natural floodplain functions would be restored.
Species, especially riverine tisb, dependent upon
periodic flooding would benefit most. There
could also be a change in land use from agricul-
tural to natural.

Implementation Costs. Construction
cost for this as a non-systemic alternative was

$25.8 million with partial remowd of the original
levee and $51.8 million for full removal.

Project cost estimates were done from a
case study and were applied system-wide. The
only real estate cost included was the fmtprirrt of
the particukw project alternative. Costs of envi-
ronmental and cultural mitigation, relocation of
residents or businesses, and effects on local
schcols, communities, and relevant taxing author-
ities were not quantified for project costs.

Summary. The levee setback case study
illustrated that setbacks of a particular Omaha
District Federal levee would have prevented
overtopping of that levee during the 1993 event.
However, levee setbacks were also shown to have
undesirable consequences. If levee setback
distance is such that the levee no longer overtops,
results showed that a downstream rise in flow and
stage is caused at the next river constictkm. It is
also possible that increased vegetative growth
between the levee and river would increase
roughness and offset some effects of the levee
setback. In addition, negative impacts to interior
drahrage would include a longer outlet channel to
discharge into the river, requiring increased
maintenance due to siltation.
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There may be significant opportunities
for environmental initiatives within this altern-
ative.

The lower cost project would cost $13
million more tharr the 1993 damage savings

would have paid for. Without doing a site spe-
cific true cost-benetit analysis, it is impossible to
accept or reject the use of levee setbacks based
on this analysis. It needs to be pointed out that
levee setbacks cau benefit the area protected but
may cause higher stages dowrrstream.

(Kans~g
~)Bac

Study Area. The effects of setting back
agricultural levees were examined in a predomi-

nmrtly agricultural area located in the upper part
of the Kansas City District between Rule, Ne-
braskq arrd St. Joseph, Missouri. The case study
area includes the lefi mrd right bmrk areas be-
tween approximately RM 486 and RM 454, a
diatasrce of about 32 miles. Counties in tbe study
area include Holt and Andrew Counties in Mis-
souri arrd Doniphan County in Krmsas. Federal
levees mrd one private levee in the study area
were set back for the arralyses. These include
IA76, R482, L488, L497, R500, a portion of
L5 19-512-504, and the Windle private levee.
LA97 protects a pnrtion of Forest City, Missouri,
mrd L476 protects a portion of Amazonia, Mis-
souri. As noted in the Environmental Resource
Inventory, there are several areas of forested
wetlands on the left bmrk of the river between
river miles 474 arrd 466, arrd emergent wetlands
are present near RM 467. Areas of both emer-
gent and forested wetlands are present at the
confluence of tire Nndaway and Mk.sorsri Rivers,
near RM 462.3.

Current Alignment. With the cm-rent
study area levee alignments, approximately
37,500 acres are protected. Approximately
36,500 of these acres are estimated to be crop
acres. The remaining 1,000 acres include por-
tions of Forest City smd Amazonia, Missouri,

railroads, State highway, and some timbered
areas. About 6,200 acres are riverward of the
current aligmnen~ arrd mr estimated 50 percent of
these are assumed to be farmed. During the 1993
flood, three of the Federal levees - R500, L488
mrd R482 - were overtopped. The remaining
Federal levees, L504, L497 arrd L476, bad 1 to 3
feet of freeboard remaining at the 1993 peak
discharge. The 6,200 acres riverward rmd about
20,000 acres kmdward of the levees were flooded
in 1993. Of these, rm estimated 22,800 were crop
acres, with 1993 agricultural crop darnages of
about $5.7 million in the study area.

Setback Alignment. For this analysis,
levees were set back one and a half times the
existing flocdway width, or a minimum of 5,000
feet, whichever was greater. Tops of levee
remained the same as for the current alignment.
With the levee setback, nearly 6,200 additional

acres would now be located riverward of the
aligmnent arrd have no protection from flooding.
If this setback alignment had been in place during
the 1993 flood, the private levee would still have
overtopped; however, none of the Federal levees
in the study area would have overtopped,

Change in 1993 Flood Stages. Setting
back the levees in the study area would decrease
the 1993 flood stage in the St. Joseph reach by
less than one-tenth of a foot. In the Kansas City

reach, there would be no change in the 1993
flood stage.

Change in Flood Damage Impacts.
Total study area acres flooded with this altern-
ativewould be approximately 22,000, a reduction
of about 4,200 acres. About 9,500 of these
flooded acres are Iandward of the private levee
with this setback alignment.

Assuming no charrge in current land use,
an estimated 18,700 of the flooded acres are crop
acres, asrd 1993 agricultural crop damages in the
study area would have been about $4.7 million
with tbe setback alignment. This would be a
reduction of $1 million or about 18 percent from
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the 1993 current alignment crop damages in the

study area. Other Rural impacts would also be
expected to decrease, No change would be

expected in the remaining categories for the study
area.

If it is assumed that only about 50 per-
cent of the formerly protected crop acres that are
now riverwsrd of the setback alignment will be
farmed, and the rest will revert back to “natural
corxhtions,” crop damages would be decreased
about $1.8 million, or nearly 32 percent.

Change in Government Expenditures.
Based on the decrease in crop acres flooded,
decreases in the Disaster Relief-Agriculture and

FCIC payments would also be expected.

Change in Value of Floodplain Re-
sources. Approximately 620 crop acres formerly
protected to about the 10-year event by the
private levee, and about 5,560 crop acres for-

merly protected by Federal agricultural levees to
about the 100-year event, would be located
riverwsrd of the setback alignment and nn longer
protected. The decrease in the market value of
land for tbe affected acres in the study area could
be about 35 to 40 percent overall, assuming no
change in land use.

Assuming a change in land use for the
crop acres now riverward of the levee and no

longer protected, nearly 3,100 crop acres, or
nearly 8 percent of total crop acres in the study
area, would be removed from agricultural pro-
duction. Net agricultural production would be

significantly reduced. Tbisloss would be some-
what offset by the value of use of the land for
environmental purposes.

Change in Risk. No change in these
categories would be expected for the study area.

Other Implementation Costs. Com-
pensation to landowners of the nearly 6,200 acres

now located riverward of tbe setback alignment
and that would have no flood protection could be

required baaed on the resulting decline in market
value of land, If it is assumed some cropland
would revert to “natural conditions,” purchase of
these acres from willing sellers would be re-
quired. Under both assumptions, tbe local econ-

omy and tax base would be adversely affected.

Summary of Levee Setback in Case
Study Area. The decrease in crop darnages with
levee setback is due to the net overall decrease in
crop acres flooded, Although there is an increase
in acres flooded riverward of the levee, there is a
larger decrease in acres flooded Iandward of the
setback alignment. Three Federal levees that
overtopped in 1993 are not overtopped with tbe
levee setback alternative. Changes in the 1993
flood stages and other hydrologic changes are
negligible with this alternative.

@rck Island District Discussion - “Setting
Back Amieultural Levees”)

The levee setback alternative explores the
benefits of stage reduction by increasing tbe area
available for flood conveyance. The plan would
require the removal and setback of 207 miles of
levee. The distance between left and right bank
levees was increased by 50 percent. The distance
between left and right bank levees typically
ranges from 4,000 to 14,000 feet. A 50 percent
increase would widen the distance between
levees ranging from 6,000 feet to 21,000 feet.
The average setback distance is 1,600 feet,
Typical setback dis$mrces are shown in Table 9-3.

Cultural Resources. Impacts to historic
structures from setting back the levees would be
overwhelmingly negative for those structures left
riverward of the levee. For those still protected,
tbe results of reduced levee overtopping would be
positive. Overall, this alternative is judged to
have a solidly negative impact on hktoric struc-
tures (-5...s..0.....+’).

The most overwhelming and immediate
impact of levee setbacks would be the darnage
sustained from construction of the new levees.
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Even if the need for borrow could be reduced by
using the existing levees, soil disturbance within
the new construction right-of-way would be
extensive and generally would have greater
archaeological impacts than those within the
original levee right-of-way. This is because
kmdfomrs farther back from the present channel
generally have a greater potential for containing

archaeological sites than those near the channel.
Overall, the effects of levee setbacks are judged
to be solidly negative for archaeological re-
sources (-5...3..0..,..+s).

(s t.Louis District Discussion “Settin~ Back
Am+.ndtural Levees”)

Background. St. Louis District did not

specifically identify values for inclusion in the
matrix table in this Floodplain Management
Assessment for “Setting Back Agricultural Lev-
ees” because extensive economic and envi-
ronmental assessments were not pursued for this

action alternative. However, some hydraulics
and hydrology analysis was accomplished for two
alternative conditions.

Chaage in stages. Agricultural levees
on the Missouri and Mississippi Rivers were set
back from their existing levee alignments These
levee setbacks were established at 150 percent of
the existing floodway, or to provide a minimum
floodway of 5,000 feet, whichever is greater.
Two alternative conditions were considered as
follows:

1. Levee Setbacks, Existing Levee

Height. This alternative examined the effect of
levee setbacks on flow conditions with the set-

back levee height at the existing levee height.
The systemic results for this levee setback alter-
native are displayed in Appendix A. The average
peak stage decrease from Lock and Dam 22 to
the Cape Girardeau, Missouri, gage was 1.1 feet
on the Mississippi River. The average decrease
in stage on the Illinois River was 0.8 foot, with an
average iIIHQSG in stage on the Missouri River.
of 0.9 foot. The changes in the hydrograpbs
because of this alternative and the performance of

the levees and percent of change from the com-
puted base and alternative peak discharge for
each gage site are shown in Appendix
A.

2. Levee Setbacks, No Overtopping.
Agricultural levees only on the Mississippi River
were set back and examined for this alternative.
The setback distances are as described in 1.
above, This alternative assumed that the new
setback levees would not be overtopped but
would be sized to contain the 1993 flood. The
systemic results for this levee setback alternative
are presented in Appendix A, as are the change in
the hydrography, performance of the levees and
percent of change from the computed base, and
alternative peak discharge for each gage site,

Change in damages. The economic and
environmental impacts of the two levee setback
alternatives discussed for the St. Louis District
were not analyzed. It is considered that these
impacts would be similar but less severe than
those identified for the levee removal alternative
and largely dependent upon the land use assumed
to occur in the setback area.

Summary of Levee Setbacks. Exam-
ination of this action alternative in the St. Louis
District was limited to just the hydraulic and
hydrology impacts as summarized above and
detailed in Appendix A.
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Table 9-3
Floodplain Management Assessment

Typical Levee Setback Distances
Mksissippi River Agricultural Levees

Muscatine, Iowa, to Hannibal, Mkwouri

Levee District

Muscatine Island Levee District
Drury Drainage District
Bay Island Drainage arrd Levee District No. 1 arrd

Subdistrict No. 1 of Drainage Union No, 1

Iowa River-Flint Creek Levee District No. 16
Henderson County Drainage Dktrict No. 3
Henderson County Drainage District No. 1
Henderson County Drainage District No. 2
Green Bay Levee District No. 2
Des Moines-Mississippi Levee District No. 1
Mississippi Fox Drainage and Levee District No. 2
Gregory Drainage District
Hunt and Lima Lake Drainage District
Indian Grave Drainage District
Union Township Drainage District
Fabius River Drainage Distiict
Marion County Drainage District
South River Drainage District
South Quincy Drainage and Levee District
Sny Island Levee mrd Drainage District

EST ABLISH3NG UNIFORM AGIUCUL-
TURAL L EVEES (25-YEAR FREO UENCX)

The alternative of establishing a uniform
height of all agricultural levees was evaluated aa
a systemic hydraulic model on the Mississippi
and Missouri River main stems. An evaluation of
this alternative is provided by the Omahq Kansas
City, Rock Island, and St. Louis Dlstricta. The
25-year level of protection is not intended to
recommend that level as being the most likely for
implementation, but rather a level that was con-

sidered to be representative for evaluation pur-
poses. The estimated charrge in impacts from
those actually experienced at the time of the 1993
tloud are noted in Column N of the matrix tables

Average Levee

Setbac k (Feet.)

1,300
1,000

1,200
1,800
1,700
1,700
1,700
1,700
1,000
3,400
1,200
1,200
3,100
1,700
1,500
1,700
1,200
1,500
2,200

at the end of this chapter. (0 maha District
Discu ssion - “Establishirw Uniform 25-vea r

LeWQl!Q

Introduction. For this alternative, the
height of agricultural levees along the Missouri
River was set to provide a mriform 25-year level
of protection. Levees above the 25-year level
were notched and levees below the 25-year level
were raised.

Change in Stages. The alternative
produced a reduction in peak stage which varied
from -1 foot to -3 feet and a discharge reduction
of- 10,000 to -60,000 cfs. These reductiorrs were
possible aa a result of the failure of 10 additional
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levee cells and the flooding of a significant area
between Omah~ Nebraska and

Rule, Nebraska. At St. Joseph, Missouri, the
farthest downstream point employed for com-

paring results, stage and discharge reductions for
this alternative exceeded reductions computed for
the levee removal alternative.

Change in Flood Damages. Total
damage would have been increased by nearly $20
million as levees farther upstream, that had not
been overtopped, now were.

Change in Government Expenditures.
Government expenditures for emergency re-
sponse, disaster assistance, and FCIC and NFIP
indemnities were estimated to increase by more

than $15 million. A portion of the indemnities
would be prepaid by participants.

Change in Value of Floodplain Re-
amereea. Real estate values muld be expected to
drnp in the areas of decreased protection sod
increase in the areas of improved protection,

depending on people’s perceptions. Estimating
tJre total change in value of floodplain resources
is beyond the scope of this assessment and re-
quires an analysis of annualized costs and bene-

fits. Thk is discussed in the section on sensitivity
of results at the end of this chapter.

Change in Risk. Several small towns,
railreads, highways (including I-29), and critical
facilities would be more vulnerable to flooding,
as would a very large number of acres of ex-
tremely good cropland.

Change in Environmental and Cul-
tural Resources. The environmental benefits
fmm a uniform height 25-year levee would not be
much different, in the long run, from the base
condition. Where more frequent overtopping of
levees and subsequent pmrding behind the levees
occurred, there would be a benefit to migrating
waterfowl attracted to the flooded cropland to
feed on the rich supply of seeds and inverte-
brates. Where less frequent flooding occurred,
the opposite would be true. Overall, the effect

would not be great one way or the other.

Cultural resources also would not be
greatly affected, overall.

Implementation Costs. Project costs
were estimated at just over $32 million. Project

cost estimates were done from a case study and

applied system-wide. The only real estate cost
included was the footprint of the particular pro-
ject alternative. Costs of environmental and
cultural mitigation, relocation of residents or
businesses, and effects on local schools, com-
munities, and relevant taxing authorities were not
quantified for project costs.

Summary. The net effect in Omaha
District in 1993 would have been considerably
more flnnding. Benefits of this alternative would
come to those farther downstream who get lower
stages because of the detention effect of these
levees. From a National Economic Developnmrt
(NED) perspective, this idea may or may not be
desirable on a case-by-case basis. Practically
speakkrg, it would be difficult to implement such
a system.

(&f@

25-vear Le vees”)

Change in Stages. This alternative
would reduce 1993 flood stages in all five
reaches from 0.3 foot to 5.0 feet. The largest
decreases would occur in the St. Joseph (-5 feet)
and Kansas City (-4.5 feet) reaches. The Wav-
erly, Boonville and Hermarm reaches would have
decreases of less than 1 foot.

Change in Flood Damages. Providing
uniform levee heights (25-year) may reduce Resi-
dential fled damages an estimated 4 percent and
Other Urban flood damages by about 7 percent.
Approximately seven communities may no longer
floed due to reduced stages with this alternative.
However an estimated three new communities
would be flooded, because agricultural levees
that did not overtop in 1993 would now overtop
with this alternative. Other communities would
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–.:,,”––, . . . . . . . . . . . . ,., ,SIUIrlooa, OUTaamages are assumea ta ae lower
because stages are lower.

Agricultural and Other Rural damages
are estimated to decrease by abaut 20 percent.

This estimate is based on arr overall decrease of
about 151,000 crap acres flooded due to stage
reductions and fewer agricultural levees over-
topped with this alternative.

Change in Government Expenditures.
Emergency respanse costs are expected ta de-
crease averall because of reduced stages and
decreased flaodtight casts. A low decrease
wauld be expected in agricultural disaster relief
casts based on the decrease in crop damages with
this alternative. Disaster relief costs related to

humarr resources cauld be expected to experience
a low decrease based on the estimated decreases
in Residential and Other Urban damages. NFIP
payments may nat change or may experience
some decrease with this alternative. If agricrrl-
tural levees are notched, some additional people
protected by Federal agicrrlhrral levees may buy
flaod insurance. However, this increase would
probably not offset the potential decrease in NFIP

payments due to decreases in Residential and
Other Urban damages. Crop damages are de-
creased with this alternative, tnrt more crop acres
behind Federal agricultural levees may be insured
with this alternative. Na change or a low de-
crease in FCIC payments could be expected.

Change in Value af Floodplain Re-
sources. With this alternative, land values wauld
decrease for approximately 127,000 crap acres
that fannerly had 100-year protection fram
Federal agricultural levees arrd naw have anly
25-year protection. Land values would increase
for some 431,000 crop acres that, akhaugh still
flooded, wauld have the level of protection
increased from 10-year or less to the 25-year
level. The estimated change in the Net Agricul-
tural Production category could be abaut a 4-
percent increase overall for the acres affected
with this alternative.

About 5,200 other (non-crop) acres

protected by Federal agricultural levees would
have a decrease from 100-year to 25-year protec-
tion and thus decreased land values, This de-

crease could be offset by increases in land values
far communities that wauld no longer flaod ar
would have greatly reduced levels of flooding
because of reduced stages under this alternative.
Based on analytical judgment, the overall net
change in the Urban Land Value category could
be insignificant.

Change in Rkk. The change in critical
facilities at risk is expected to be insignificant
with this alternative, Number of people vuhrer-
able would be expected to decrease samewhat
based an the decreases in Residential and Other
Urban damages. Communities vulnerable would
decrease slightly (about a 3 percent decrease in
number of communities tlooded) under thh
alternative. Residential structures vulnerable are
estimated to decrease by about 5 percent baaed on
estimates of structures in communities no longer
expected to fload, and rough estimates af addi-
tional structures flooded in new communities
subject to floading,

Other Implementation Costs. Com-
pensation to hmdawners of acres protected by
Federal agricultural levees that now affer only
25-year protection with this alternative cardd be
required based on the resulting decline in prop-
erty values. Local economies and tax bases
potentially could be somewhat affected due to re-
duced property values in these areas, The imple-
mentation cost is estimated to be relatively low.

Snmmary af Uniform 25-Year Height
for Agricultural Levees. The alternative af
having a uniform 25-year level of protection for

agricukaral levees wardd have reduced damages

approximately 20 percent in tbe agricultural
sector, with modest reductions in urban damages.
The changes in Government expenditures, value
af floodplain real estate, and reduction af risk
wauld have experienced law to madest changes.
Environmental impacts for the floodplain would
have been associated mainly with constrrrction
activities. The cost of this alternative is $340
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million plus kinds, easements, rights-of-way,
relocations, and disposal areas.

(Rock Island District - “Establisbinz Uniform
25-vear Levees”]

The 25-year uniform height alternative in-
volves constructing overflow sections in each
agricultural levee at a predetermined elevation.
Ideally, an overflow section would be set in the
downstream end of a levee. In the event of
overtopping, floodwater would back into the
protected area at a low, damage-minimizing
velocity.

Levee overtopping dsnrages could be re-

duced by construction of overtlow weirs in
agricultural levees. By controlling overtopping in
the least damaging method possible, there would
be a reduction or elimination of repair costs and
land restoration costs associated with levee
breaches.

The installation of an oveflow weir
would eliminate the need for floodlight levee
raises. Overtopping at the predetermined 25-year
level would be planned and accepted by involved
parties. The Stste or Federal Government would
maintain an interest in the overtopping elevation
to prevent rurautborized floodlighting activities.

Cultural Resources. This is judged to
have a very negative impact on historic structures
in the floodplain (“s..4...0.....+s). Increased flood
frequency would result in increased deterioration
of structures, accompmried by accelerated rates of
abandorunent and demolition second only to that
of complete levee removal.

None of the positive effects for archaeo-
logical sites that were seen with complete levee
removal are predicted here. Little agricultural
abmrdonment would occur in the levee districts,
srrd only minor runounts of sediment would offset
agicukural erosion. The negative impacts would
bc limited mainly to the establishment and maim
tenance of the overflow weirs. Overall, the

impacts to archaeological sites are judged as
slightly negative compared to the existing opera-
tion of the levee system (-’......O.....+s).

f.St. Louis District Discussing - “Establishing
Uniform 25-vear Levees”)

This alternative would have all agricul-
tural levees designed to overtop at the 25-year
flood height. Essentially, this action would use
the storage behind the levees to minimize the
flood impacts on unprotected areas and urban
levees.

Stage Impacts. For this alternative, the
height of all agricultural levees was set to corre-
spond with a 4 percent mrnual chance (25-year)
flood. Federal levees, which are currently higher
than the 25-year elevation, were notched to an

elevation equal to the 25-year elevation at the
downstream end of the levee. Levees lower thrm
the 25-yesr elevation were raised to the 25-year
elevation plus 3 feet with a notch at the down-
stream end of the levee at the 25-year elevation.
When flood levels exceed the 25-year level, the
levee notch is eroded and the cell tills with water.
In this manner, the levee cells along the channel
act as detention basins to store flows which
exceed the 25-year event. The systemic results
for this 25-year levee alternative are displayed in
tables in the Hydraulics appendix (Appendix A).
The average peak stage decrease from Lock and
Dsm 22 to the Cape Girardeau, Missouri, gage is
3.6 feet on the Mississippi River. The average
decrease in stage on the Illinois River is 3.3 feet
and on the Missouri River is 1.6 feet. The change
in the hydrography because of this alternative is
showm on plates in the Hydraulics appendix. All
levees modeled were set to the 25-year level and
are displayed in a table in the Hydraulics appen-
dix.

Ecnnomic and social impacts. All
agricultural levees would have a controlled
overtopping at the 25-year flood level. All cells
reflect increases from the base condition due to
inundation of levee areas that did not overtop.
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There would be some decrease in unprotected
areas due to reduced stages caused by additional
storage in levee areas. While dris action shows a
net increase of $187 million in economic danr-

ages, it is difficult to predict the behavioral
attitudes that would accompany the alternative.
This action would also entail substantial legal and
institutional difficulties,

Summary of St. Louis Dktrict 25-year
agricultural protection. Within the St. Louis
District area, the existing Federal agricultural

flood protection provides uniform 50-year flood
protection. Thus, this action alternative would
require degrading the flood protection that has
been in place and has worked successfully for
many years. The concept of uniformity in agri-
cultural flood protection has merit based on the
experience regarding 50-year flood protection
within the St. Louis District area. Floodlighting
efforts are more consistent and predictable when
dealing with uniformly designed levee protection.
Greater uniformity in the operation and regular
maintenance of the agricultural flood protection
would also bean asset. The possibility of reduc-

ing the level of existing agricultural flocd protec-
tion appears to be fundamentally impractical,

RAISING LEVEE S ABOVE THE 1993

moo D LEVELS

The alternative of raising levees above
the 1993 flood levels and stabilizing them to
prevent breaching was evaluated as a systemic
hydraulic model on the Mississippi and Missouri
River mairrstems. Adiscussion ofthis systemic
evaluation of this alternative is provided by the
Omah%Kansas City, Rock Island, and St. Louis
Districts. St. Louis has provided a separate
evaluation of raising levees between the mouth of
the Missouri River and Cairo, Illinois, to the
Standard Project Flood elevation, which is higher
than the 1993 flood levels and would generally he
equal to tbe level of protection provided for the
lower Mississippi River under the Mississippi
River and Tributaries Project. The estimated
change in impacts from those actually experi-

encedat thetime of the 1993 flood are notedin
Column O of the matrix tables at the end of this
chapter.

@ maha Dist rict Dkmrssion -” Raking Levees
Above 1993 Flnod Levels”)

Introduction. For this alternative, all
agricultural and urban levees were raised so no
breaching orovertopping of any levees would
occur during the simulated 1993 flood. Levee
lccations or roughness values were not altered for
this alternative.

Change in Stages. No changes were
observed from the base condition except in the
reaches downstream of Brownsville, Nebraska.

These results are consistent with the fact that no
Federal levees overtopped or failed in the reach
from Omaha, Nebraska, to just upstream of
Browmville, Nebraska. In the Federal levee area
downstream of Brownsville, Nebraak~ stage
increases were minor and averaged near +1 foot.
In the Rule, Nebraak~ ar~ where severe private
levee damage occurred and the flow width varied
from 3 to 7 miles for the 1993 event, confining
the flow to a narrow leveed width caused a large
stage increase of nearly +8 feet.

Change in Florid Damages. The levee
raise to full confinement alternative saved over
$21 million in the model results.

Change in Government Expenditures.
Government expenditures for emergency re-
sponse, disaster assistance, and FCIC and NFIP
indemnities were estimated to decrease by over

$22 million. A portion of the indemnities would
be prepaid by participants.

Change in Value of Floodplain R-
sources. Real eatate values could be expected to
benefit substantially and people and infra-
structure overall would be better off. But these
savings in danrages might be limited by interior
pending behind the levees.
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Change in Risk. The number of people,
residences, communities, and critical facilities

vulnerable to flooding wmdd be greatly reduced.

Change in Environmental and Cultrsr-
al Resources. The only environmental benefit
resulting from a fully confined flood protection
level would be the increased potential for pend-
ing behind the levee, which results in temporary
wetlands.

Cultural resources may be affected by the
footprint of the levee or the location of the bor-
row pit, but would generally benefit from tbe
added flood protection.

Implementation Costs. Project costs

were estimated at over $84 million. Project cost
estimates were done from a case study and ap-
plied system-wide. The only real estate cost
included was the footprint of the particular pro-
ject alternative. Costs of environmental and
cultural mitigation were not quantified for project
costs.

Summary. Damage reduction would
come partly at the expmse of those downstream.
A frequency based cost-benefit analysis is re-
quired to determine the most desirable option in
a potential site area.

w s c’~g
~) 1 Flood Level “

This action alternative assumes that
existing agricultural levees are raised high
enough to contain the 1993 flood, and acres
protected by these levees would not be damaged
if the 1993 flood event would again occur.

Change in Stagea. Raking agicrdtural levees
to contain the 1993 floud would raise 1993 flood
stages in all five reaches by 1.6 feet to 6.9 feet.
The largest increases in stage occur in the reaches
downstream from Kansas City.

Change in Flnod Damages. Residential
damages would be decreased by slightly more
than 50 percent overall. Other Urban damages
would decrease by 75 percent to 90 percen~
depending on whether certain critical facilities
are also protected with this alternative. Com-
munities behind agricultural levees would no
longer flood however, more than 40 communi-
ties are still unprotected and could experience
much higher damages because of the higher
stages with this alternative. Communities that
were damaged in 1993 due to flooding from
tributaries and streams other than the Missouri
River would also still be damaged.

With this alternative, some urban levees
would also have to be raised to contain the bigher
flnod stages and avoid induced damages in urban
areas behind these levees. One urban levee in the
St. Joseph reach, three urban levees in the Kansas
City reach, and one urban levee in the Hermarm
reach would have to be raised.

Agricultural and Other Rural damages
would be decreased by 80 percent overall. Al-
though crop acres flooded by the Missouri River
would be significantly decreased with this alter-
native, crop damages would still occur on crop
acres farmed riverwurd of levees and on crop
acres flooded by other tributaries and streams.

Change in Government Expenditures.
Emergency costs would decrease in areas not
now subject to flund damage, but would increase
in those areas that would experience higher levels
of flooding. It is estimated that the net change
would be some decrease overall. Based on the
major decreases in Residential, Other Urban,
Agricultural and other Rural damages with tlis
alternative, disaster relief expenditures related to
human services and agriculture would also be
expected to decrease significantly. If levees are
raised, fewer people may buy flood insurance in
those areas behind the levees; hnwever in those
areas with no protection and increased flood
stages, more people could be expected to buy
flood insurance. It is assumed that the substantial
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decrease in damages in protected areas might
offset any addkional damages in unprotected
areas, resulting in at least some decrease overall
in NFIP payments.

Change in Value of Floodplain Re-
sources. With this alternative, the market value
of land would increase significantly. Crop acres
which had 100-year protection from Federal
agricultural levees (about 127,000 acres) would
now be protected from the 1993 flood. Crop
acres with 5- to 25-year protection from non-

federal agricultural levees (about 565,000 acres)
would also now be protected from the 1993
flood. However, about 16,000 acres would be
required to construct the levees and would be

removed from crop production. The net overall
increase for acres affected is an estimated 30
percent in the Net Agricultural Product category.

More than 40 communities may experi-
ence much higher levels of flooding with this
alternative and would experience decreases in

property values. TMs decrease is offset by
inc~eaaes in value for the nearly 5,200 non-crop
acres that had 100-year protection and the more
than 7,000 non-crop acres that had 5-to 25-year
protection, all of which would now be protected
from the 1993 flood. Based on analytical judg-

menL however, an overall decrease in the Net
Urban Real Estate Value category might be
expected with this alternative.

Change in Risk. The number of critical

facilities with harmful rebases could decrease or
remain the same depending on whether they

would be protected from the 1993 flood when
levees are raised. There is insutlcient informa-
tion available to make a more specific estimate of
change.

An estimated low to moderate decrease
could occur in the number of other critical facili-
ties that would still be darnaged withthis altern-
ative. Essential and emergency services facilities
like Federal post oftlces, tire stations, and
schools, located in communities now protected

under this alternative, are the basis for the esti-
mated decrease,

A moderate to high decrease in number
of people vulnerable might be expected because
of the high levels of protection provided by the
raised levees. This could be offset by the in-
creased number of people in communities still
subject to flooding at higher stages with this
alternative.

The number of communities vulnerable
could be expected to decrease by 20 to 70 per-
cent. About 80 communities received NFIP
payments for the 1993 flood, but it is unknown
whether these payments were made for actual
flood damage or for a number of other reasons

such as backed-up sewers. If these communities
no longer experience these ~es of damages with

this akemative, then the decrease in number of
communities vulnerable could be expected to
approach 70 percent.

Residential structures vulnerable would
also be expected to decrease an estimated 50
percent or more.

Other Implementation Costs. Com-
munities not protected under this alternative and
subject to even higher levels of flooding could
experience severe economic impacts, Costs to
provide protection to these communities or
relocate damageable development out of the
floodplain could be moderate to significant.

Summary of Raising Levees to Prevent
Overtopping. Raising levees and floodwalls to
protect against the 1993 flood would have signifi-
cantly reduced damages in both the urban and
agricultural sectors and would have reduced the

critical facilities and communities at risk. This
alternative would also increase the market value
of agricultural property, while possibly decreas-
ing the value of urban real estate, because unpro-
tected communities would be subject to higher
levels of flooding. Additionally, there would
have been a substantial reduction in government
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expenditures for disaster relief. Environmental
impacts for the floodplain would have been
associated mainly with construction activities.
The cost of this action alternative would easily
exceed $2.5 billion in the Kansas City District.

~~g

~)

Agricultural levees raised to the rela-
tively high 500-year level would offer protection
from most floods. The likelihood of a levee
being overtopped would be reduced to a very
slight risk. Agricultural levees, in many cases,
typically are designed to protect against the 50-

year flood, with 3 feet of freeboard.

Cultural Resnurces. Reduced flood
damages would have a very positive effect on
historic structures in the floodplain. Increases in

agricultural, residential, and commercial develop-
ment would negatively affect historic stmctures.
Overall, the effect of this alternative on structures
is judged to be quite positive ~.,... +d,+s),+s).

Overall, impacts to archaeological sites
tlom this alternative ae judged to be moderately
negative (-~....z.”.....+’).

fs t.Louis District Discussion - “Raisirr~ Lev-
~)

This action alternative would raise 25
agricultural levees in the St. Louis District to
withstand the 1993 flood.

Change instates. Forthis action alter-
native, all agricultural and urban levees were
raised so no breaching or overtopping of any
Ieveeswould occur during thesimrdated 1993
flood. Levee locations orroughness values were
not altered for this alternative. The systemic
results forthis alternative ofcontainingthe 1993
flood are displayed in the detailed hydraulics
tables. The average peak stage increase from
Lock and Dam 22to Lock and Dam 26 is 4.4
feet, and from the St. Louis, Missouri, gage to the

Cape Girardeau, Missouri, gage is 6.6 feet on the
Mississippi River. Theaverage increase in stage
on the Illinois River is 5.4 feet arrd on the Mis-
souri Rlveris5.2 feet. Thechange inthehydro-
graphs because of this alternative is shown on
plates in the Hydtmslics appendix (Appendix A).
‘llrelevc csraised toconta inthe1993 flood are
displayed in the Hydraulics appendix.

Change in Damages. Twenty-seven
levees that failed in 1993 would be raised to
prevent overtopping. All decreases reflect net
impacts inunprotected versus protected areas. A
net reduction of $365 million (22 percent of the
base condition) in economic damages is esti-
mated from this action, However, imple-
mentation costs preestimated to be $6.1 billion.

While there is an estimated net reduction in
damages, this alternative would cause signifi-
cantly increased flooding in unprotected areas.

(St. Louis District Srrecial Study - “Raising
~)

Backgrmrnd. Thisspecial impact strrdy
action alternative would raise all Federal levees
in that portion of the St. Louis District from the
mouth of the Missouri River to Cairo, IIIinois, to
the Standard Project Flood (SPF)elevatim. This
height of levee is significantly higher than 1993
florid elevations and would generally be equal to
tbe level of flood protection provided for the
lower Mississippi River under authority of the
Mississippi River Commission (MRC) via the
Mississippi River and Tributaries Project
(MR&T). This analysis was not a systemic
floodplain assessment study, butaa mentioned
previously, focused only on that portion of the St,
Louis District from the mouth oftbe Missouri
River to Cairo, Illinois.

The Congressionally authorized flood
control project for the lower Mississippi Rker
and Tributaries is designed to contain the “project
flood” from Cairo, Illinois, to New Orleans,
Louisiana. This MR&Tdesign flood isdetined
as the greatest flood having a reasonable proba-
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bility of occurrence, without denoting a specific
design frequency. Thisspecial study evaluatesa
similar system from Cairo, Illinois, to the mouth
of the Missouri River. Thedesign of the’’project
flood” was reviewed in the 1950’s. Some 35
different hypothetical combinations of historical
storms were sequentially arranged to conform
with frontal movements and synoptic situations
consistent with those in nature, to determine the
meteorologically feasible pattern that would
produce the greatest runoff in the lower Mksis-

sippi River. ‘fl-kextensivea nalysisf ortlre lower
Mississippi Rker was not performed for the
middle Mississippi River reach (Cairo, Illinois, to
the mouth of the Missouri River at St. Louis,
Missouri) forthissssessment. llredesignforthe
middle Mississippi River was accomplished using
the established “urban design flood.”

The “urban design flood” is defined as a
discharge of 1,300,000 cfs at St. Louis, Mis-sou-
ri, adjusted for additional discharge from the
drainage area downstream of St. Louis, to a
discharge of 1,460,000 cfs at Cairo, Illinois
(Mississippi River flow only). Atthe time the
urban levees were designed, this was considered
to be the approximate discharge of the 1844
flood. Current frequency studies estimate that
this discharge is at least a 0.2 percent annual
chance (500-yesr) flood. The observed dkchsrge
hydrogmphs of the 1993 flood were adjusted
upward to obtain a possible urban design dis-
charge hydrography and routed with UNET, The
resultant elevations represent the height of the
levees needed from St. Louis, Missouri, to Cairo,
Illinois, to contain the “urban design flood.” For
the Flcalplain Management Assessment analysis,
the “urban design flood” for the middle Mksis-

sippi River was considered to be similar to the
“project flood” for the lower Mississippi River.
The required levee heights were adjusted to
account for various hydrologic uncertainties.

Change in Stages. The flood elevation
impacts of containing this design flood between
levees extending from St. Louis, Missouri, to
Cairo, Illinois, are significant. For example: a.

At the St. Louis gage (RM 179.6), the existing
urban height floed protection levee would have to
be raised abnut 5 feet b. For Bois Bmle Drain-
age end Levee District (RM 95,0-109.5), an
agricultural design levee, the average levee
height raise would be 11 feet; c. At the Cape
Girardeau, Mksouri, gage (RM 52.0), the urban
protection levee and floodwall would have to be
raised about 5 feet to contain a flood of similar
magnitude used for the design of the lower
Mk.sissippi River flood protection design.

Change in damages. Raising levees to
contain the “urban design flood” within the St.
Louis District would result in increased peak
flows in the middle Mississippi River and could
affect flood stages up to and including the MR&T
Project flood level in the vicinity of Cairo, Illi-
nois. The evaluation of these petential impacs is
complex and beyond the scope of this analysis.
However, any future studies that consider
changes in the present middle Mississippi Rtver
levee system should include the evaluation of
these downstream effects.

Under thk alternative, all existing Fed-
eral levees would provide Standard Project Flood
(SPF) protection. All cell entries reflect a net
change of reduced flood damage in protected
areas and increased flocd damage in unprotected
areas. From an environmental perspective, this
alternative was not addressed systemically witin
the St. Louis District study area or by river reac~
St. Louis Dktrict hydrologic and hydraulic
modeling of this alternative allowed for estima-
tion of percent of floodplain inundated; other
environmental impact categories were not evalu-
ated.

500-YEAR PROTECTIS3N FOR URBAN

AREAS

The alternative of providing a minimum
of 500-year level of flood protection for urban
areas was not evaluated systemically. However,
the Kansas City, Rock Island, St. Paul, and St.
Louis Districts have provided separate evalua-
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tions of this alternative. The Kansas City District
provides an evaluation of an urban area on the

Missouri River 5 miles upstream from downtown
Kansas City. The St. Paul District provides an
evaluation of a reach of the Minnesota Rker.
The Rock Island District provides an evaluation
of two urban areas in the vicinity of Des Moines
and West Des Moines, Iowa. The St. Louis
District provides an evaluation of two impact
study reaches, the Chestefileld-Monarch area on
the Missouri Rher and the River Des Peres area
near the city of St. Louis. The estimated change
in impacts from those actually experienced at the
time of the 1993 flood are noted in Column P of
the matrix tables at the end of this chapter.

fKan~g Ci
~ r an “

In a recent previous study funded through

traditional General Investigation appropriations,
the Kansas City District analyzed 500-year level
of levee protection for an urban area including
the economic, environmental, and social impacts
of providing 500-yesr protection. For the Flood-
plain Management Assessment, we reevaluated
the findings of that previous analysis using the
1993 flood as a base condition.

Study Area. The urban area we ana-
lyzed is along the Missouri River 5 miles up-
stream of downtown Kansas City between RM
371.4 and RM 376.5. The ara known locally aa
L-385, includes portions of the cities of Rker-
side, Northmoor, and Kansas City, Mis-souri.

This area presents characteristics desir-
able for future industrial activities. It is the only
area of significant size ready for industrial devel-
opment close to the heavily urbanized pmtions of
Kansas City, Kansas, and Kansas City, Missouri.
About 835 acres could be developed afler the

addition of 100-year or greater flood protection.
Developers have filled or are filling nearly all of
the floodplain that can be economically tilled to
meet National Flood Insurance Progmm regula-
tions. Filling some of the area is not presently

cost effective, but development of those areas
would be possible with flood protection.

The area is near both north-south and

east-west Interstate highways, and is only min-
utes by road from both a cargo airport and a
major metropolitan passenger airport. It has a
commercial barge dock on the Missouri River
and a Class I railroad. In addition !Dits excellent
transportation features, the project Vea’s other
infrastructure development includes water, sewer,
power, and gas utilities adequate to serve most
modem industrial facilities.

Economic Investment. Investment in
the study area cnnsists of residential; commercial,
which includes manufacturing, wholesaling,
retailing, and commercial services; and public,
which consists of utilities, transportation facili-
ties, and other public facilities and services.
Table 9-4 summarizes the value of urban flood-
plain improvements and the average annual
damages in the study area by investment catege-

T.
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Table 9-4
Floodplain Management Assessment

Valne of Floodplain Improvements and the
Average Annual Damages by Investment Category

INVESTMENT CATEGORY INVESTMENT AVERAGE ANNUAL
(1994 DOLLARS) DAMAGES

($000) $(000)

COMMERCIAL $301,098.00 $3,705.20

RESIDENTIAL $5,112.00 $94.90

PUBLIC $17,275.10 $33 I .00

TOTAL $323,485.10 $4,131,10

Alternative Analysis. In the prior study, we
analyzed levee plans that would provide 100-year
and Urban Design Flood (UDF)(500-year) pro-
tection. The 100-year level of protection and the
UDF level of protection both achieved a benefit-
cost ratio greater than 1. Tbe UDF levee was
superior to the 100-year levee for the following
reasons:

- the benefit-cost ratio for 100-year pro-
tection was slightly lower than the
benefit-cost ratio for UDF protection;

- the net benefits for 100-year protection
were slightly lower than the net benefits
of UDF protection;

- impacts for UDF protection would not
increase significantly compared to the
impacts of 100-year protection;

- UDF protection would reduce the
chance of catastrophic failure which
could have severe consequences in view
of the significant commercial and indus-
trial development in the area (the 1993
flood, which caused approximately

$111,100,000 in damages in this area,

would have exceeded the 100-year levee
by about 2 feet); and

- UDF protection would be consistent
with the protection provided for the
adjacent downstream unit (North Kansas
City Levee) and tbe unit on the opposite
bank of the Missouri River (Fairfax
Levee).

The evaluated plan is a levee 6.15 miles
long, plus 1,900 feet of floodwall, 0.5 mile of
channel improvements on the Line Creek tribu-
tary, six drainage structures, five closure struc-
tures, one sandbag gap, one stop log gap, two
pumping plants, three road raises, and one bridge
removal. The project would protect approxi-
mately 1,586 acres, The main stem levee would
protect against UDF floods on the Missouri
River. The design discharge is 460,000 cfs.
Project costs are summarized in Table 9-5.
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Table 9-5
Floodplain Management Assessment

Project Costs

ITEM EXPENDITURE
($000)

Planning, Engineering, and Design (PED) $6,160.0

Lands, Easements, Rights-of- Way, Relocations, $4,546.0
and Disposal Areas (LERRD)

Construction $36,738.0

SUBTOTAL $47,444.0

Interest During Construction (IDC) $10,545.4

TOTAL .$57,989 .40

Benetit-Cost Arralysis. Themnual costmdannual capitalized benefits (including $l,667,6OOin
location benefits) of the recommended plan are summarized in Table 9-6.

Table 9-6
Floodplain Management Assessment

Annual Benefits and Costs

ANNUAL BENEFITS AND COSTS

Price level: October 1994
Interest rate: 8.00 percent

ANNUAL BENEFITS $6,006,300

ANNUAL COSTS $4,681,300

BENEFIT-COST RATIO 1.3

NET BENEFITS $1,325,000

RESIDUAL DAMAGES $253,900
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Hydraulic Impacts of Levee. The
floodway averages about 2,500 feet throughout
the Kansas City reach of the Missouri River.
Two bridges in the L-385 reach have openings of
2,100 feet and 1,600 feet and control the flood-
way width. Some segments of the levee align-
ment are on the floodway edge and other seg-
ments are substantially kmdward of the floodway
edge. The levee alignment generally follows an
800- to 1,000-foot setback froin the edge of the
Missouri River.

Project impacts to the water surface
along the Missouri River arc small. A maximum
rise of 0.3 foot occurs in the 100-year flood
profile at river mile 375.66. The UDF increase is

0.6 foot at the upstream end of the levee.

1993 Flood Impacts.

a. Economic Impacts The 1993 flood
caused approximately $111,100,000 in flood
damages to the L-385 are% including $100,000 in
residential damages and $111,000,000 in com-
mercial, industrial, and public damages. A 500-
year levee would have prevented all of these
damages. Agricultural and other rural damages
of more than $250,000 would have been pre-
vented by the proposed levee. The 1993 flood
would have overtopped the 100-year levee by
about 2 feet.

Government expenditures in the area
during the flood included approximately

$270,000 for emergency response, $100,000 in
agricultural disaster relief, $100,000 for human
resources disaster relief (buyouts and mitigation),

$6,467,000 in National Flood Insurance Program
payments, and $26,000 in crop insurance pay-
ments. All of these expenditures could have been
avoided if the area had been protected with a
500-year levee.

Providing 500-year flood protection for
the L-3 85 area would allow commercial and
industrial development of835 acres in the Kansas

City metropolitan area. With flood protection,
we estimate real estate value of this floodplain

acreage would increase $21,600 per acre or a
total of $18,036,000 ($1,667,600 annual capital-
ized benefits at 8 percent interest).

Agricultural lands lost as a result of
construction of the levee project would include
123 acres for the levee alignment and 802 acres
eventually consumed by induced commercial and
industrial development.

b. Environmental Impacts. Construc-
tion of a levee in this area would have little
impact on the natural environment. The project
area lies within the urbanized part of metropolitan
Kansas City, and the development of indusby and
transportation networks has eroded the quantity
and quality of the natoral environment.

The bald eagle was identified as a possi-
ble migrant in the project area, and the endan-
gered pallid sturgeon may also be found in the

project area. No impact to either species is
anticipated from project activities.

One archaeological site, the Renner site
which is on the National Register of Historic
Places, was identified as being within the study
area. The site can easily be avoided, so it would
not be affected by the project.

Construction of the recommended pkm
would affect 16 acres of relatively low value
wetlands. The affected wetlands are low in
functional value because of their small acreage
along with the fact that they are surrounded by
intensive urban and agricultural development.
Lost wetland values would be compensated by
permanent easements to be obtained on riverside
borrow area.

No critical, rare, or unique habitat is
located in the project area.

Woodland resources are primarily limited
to narrow riparian borders totaling 320 acres
along the Missouri River. All timbered riparian
areas would be protected during project construc-
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tion.

The only public land in the study area is
a locally owned softball field that would not be
affected by the project.

c. Reduction oflliak No critical facili-
ties with harmful discharges have been identified
in the project area. The Riverside Post OffIce
incurred substantial damage in the 1993 flood
and would be protected by the proposed levee.

The levee would protect the majority of
flood vulnerable area of the city of Riverside and
town of Northmoor, Many more people work in
R&erside than live there, and most people who
do live there are not in a floodplain, The main
risk reduction impact on people would affect
business owners and workers. About 10 residen-
tial structures and 25 residents affected by the
flood of 1993 would be protected from the 500-
year flood. Floods exceeding the 500-year event
would still leave residences vulnerable end
subject to hmm.

(St. Psiul District Discussion “500-Year Pro-
tection for Urban Areas”)

The 1993 flood on the 25-mile reach of
the Minnesota River being used as mr impact
study reach in the St, Paul District was approxi-
mately a 50-year event. The existing urban levees
along this designated impact reach of the Minne-
sota River at the communities of Mankato and
Henderson provided mr adequate level of flood
protection in 1993 and thus would have had no
meeaurable beneficial impact relative to the 1993
event because of the lack of dmnages experienced

at these locations. The added protection at this
location would have had no systemic impact on
the hydraulics of the river with respect to the
1993 event. Only the city of Henderson would
require a higher level of flood protection in this
river reach since it now has a 170-year degree of
protection. The implementation cost of providing
this higher protection is roughly estimated to be

$2,770,000. The City of Marrkato, the only other

urban area subject to flooding in this 25-mile

reach, is considered to have a 500-year level of
protection.

Increasing urban levee heights at Hend-

erson would result in a slight encroachment into
the floodplain and result in the loss of a small
acreage of floodplain forest. These losses would
not be significant on a systemic basis. Construc-
tion activities could result in bcalized short-term
minor effects on air quality, noise snd water
quality.

(~r
~)

Raccoon River-Valley Drive. The
Corps of Engineers 1988 feasibility study for the
Raccoon River-Valley Drive levee included an
analysis of 500-yesr protection. A levee at the
500-year level was found to have economic
justification. The selected levee plmr which
maximized net benefits was for a 100-year level
of protection as shown in Table 9-7.

Raccoon River and Walnut Creek. A

Standard Project Flood levee plan was justified
for the Raccoon Rker and Walnut Creek project
by the Corps of Engineers in the June 1975
Feasibili@ Study for Flood Damage Reduction
and Related Purposes, Des Moines River Basin,
Iowa mrdMirmesota. The Standard Project Flood
levee was recommended for implementetion,
even though the greatest net benefits were de-
rived for the 200-year level of protection project
as shown in Table 9-8.

In 1989, a General Reevaluation Report was
completed by the Corps of Engineers due to
changed conditions since the 1975 study. The
500-year levee was shown to be economically
justified. Although the plan was demomtrated to
be economically justified tium the 50-year to the

SPF level of protection, it was determined that a
100-year levee maximized net benefits as shown
in Table 9-9. The 100-year project is currently
under construction.
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Table 9-7
Floodplain Management Assessment

1988 Economics, Raccoon River-Valley Drive Levee
Vkinity of Des Moines, Iowa

50-Yr 100-Yr 200-Yr 500-Yr
Caterory - w I&WE w

AnrIual Benefits ($000) 177.0 246.7 283.9 317.4
Annual Costs ($000) 150.0 174.1 224.1 265.2
Net Benefits ($000) 27.0 72.6 59.8 52.2
Benetit-t&Cost Ratio 1.2 1.4 1.3 1.2

SPF-Level
m

332.9
386.6
-53.7

0.9

Source: Defbrite Project Report, Section 205 Fload ControI Project, Raccoon River, Des Moines, Iowa,
with Environmental Assessment, U.S. Army Corps of Engineers, Rack Island District, May 198g, Page
11, Table 3.

Nntes
(1) November 1987 prices, 50-year analysis period, 8-5/8 percent discount rate.
(2) SPF = Standard Project Flaad.

Table 9-8
Flandplain Management Assessment

1975 Economics, Raccoon River and Walnut Creek Levee
Vicinity of West Des Moines, Iowa

Annual Annual Excess
M !2@..@l Benefits ($) E Bcnetls ($)

50-Year 332,300 542,700 1.63 207,700

100-Yesr 357,800 647,400 1.81 289,600

200-Year 385,000 717,100 1.86 332,100

SPF 476,200 779,600 1.64 303,400

SourceY FeasibiIi~ Stm@ for FIood Damage Reduction and ReIated Purposes, Des Moines River Basin,
Iowa and Minnesota, U.S. Army Engineer DkXricL Rock Island, June 1975, Page F-32, Table F-16.

Notes
(1) B/C = Benetit-ta-Cost Ratio.
(2) SPF = Standard Project Flaod.
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Table 9-9
Floodplain Management Assessment

1989 Economics, Raccoon River and Walnnt Creek Levee
Vicinity of West Des Moines, Iowa

($000)

50-Yr 100-Yr 2oo-Yr 500-Yr SPF
Catecrory M LeY2S - - -

Total Project Costs 6,560 17,757 18, 933 20, 147 25,339

Rnnual Charges 1,694 1,815 1,936 2, 063 2,587

Rrmual Benefits 2,999 3,253 3,360 3,463 3,520

BCR 1.8 1.8 1.7 1.7 1.4

Net Benefits 1, 306 1,438 1,424 1,400 933

Source: General Reevaluation Report for Flood Control Project, Raccoon
River and Walnut Creek, West Des Moines-Des Moines, Iowa, with Final Supplement No. 1 to the Final
Environmental Impact Statement, U.S. ArrnYCorps of Engineers, Rock Island DistricL July 1989, page
23, table 4. “

Notes:
(I) SPF = Standard Project Flood.
(2) BCR = Benetit-tn-Cost’Ratio.

Cnltural Resources. Reduced flood damages
would have a very positive effect on historic
structures in the floodplain. Increases in resi-
dential rnrd commercial development would
negatively affect historic structures. Overall, the
effect of thk alternative on structures is judged to
be quite positive (-’....!...+&+’).

Overall, impacts to archaeological sites from
this alternative are judged to be quite negative (-’..

4’.~.....’).

( t.~r is DMrict
Protection for Urban Areas”)

Backgrmend. Five urban Federal levee
prnjecta are located in the St. Louis District.
Only one, Cape Girardeau, Mbsouri, is not tu the
500-year level of protection. The structural
implementation cost show in the matrix table
reflccta the cost of increasing the Cape Gimrdeau”
flood protection from 200-year to 500-year.

There would be a slight increase in damages to
unprotected areas and no change in the agricrd-
tural damages. Since no nrbaer levees were

overtopped in 1993, there is no cbarrge from the
base condition.

Following are two separate special
impact reach studies prepared by the St. Louis
District. They are intended as general infor-
mation that would be useful for similar urban
areas elsewhere in the Midwest subject to major
rivers flooding.

Im a t Studsr c v Reach - Cheateti!e Id Monarch
Protected Urban Area

This impact ~dy reach bas been select-
ed for analysis because it suffered significant
1993 ffnnd damages even though it had 100-year
fluod protection. Data and arralysis developed for
the Chestefileld-Monarch area may be generally

applicable for similar areas elsewhere in the
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Midwest,

Background. The Chestetileld-Monarch

earthen levee extends for 11.5 miles along the
right hank of the Missouri River about 40 river

miles upstream of its confluence with the Missis-
sippi River. This privately financed levee pro-
tects 4,240 acres of floodplain, one-third of
which is currently commercially &veloped. The
levee also protects about 3 miles of a major
transportation artery, Interstate 64.

The Chestefleld-Monarch area is an

example of the extensive damages that can result
when intensive urban development takes place in
an area thought to be adequately protected by a
levee. In this case, an existing agricultural levee
wax upgraded in the 1980’s to provide protection

up to the 100-year flood, thus meeting the mini-
mum standards of the National Flood Insurance
Program. Subsequently, industrial development
took place within the protected area with the
understanding that NFIP minimum stand~ds had
been met. When this private levee broke in 1993,
total flood damages of about $520 million were
incurred by some 250 commercial enterprises and
related transportation facilities, $2OO million of
which was dkectly linked to stmctures and
contents.

The St. Louis District, Corps of Engi-
neers, is currently conducting a reconnaissance
study of the Chesterfield-Monarch area. This
analysis will consider econnmic (National Eco-
nomic Development), social well-being, safety
and environmental consequences (including
residual risks) in examining the feasibility of
flood damage reduction measures that may be
recommended for Federal participation. The
reconnaissance study is currently scheduled for
completion in December 1995.

Problems identified with the Chester-
tield-Monarch levee include the lack of such
refinements as mrderseepage relief wells, interior
drainage systems, lack of pumping capacity, and
need for an extensive maintenance program

(Shepard, 1994’). When the Chestefleld-Mon-
arch levee broke, approximately 4,240 acres
flooded, The area contains approximately 3,1
million square feet of commercial space, all of
which was adverse] y affected. There are ap-
proximately 250 businesses in the Chestetileld
Valley area with 4,400 employees. Afier the
levee broke, about 8 feet of water stood in the
valley, submerging almost all of the enterprises.
The Spirit of St. Louis Airport (the second busiest
in the State) waa able to remove almost all pkmes
before the levee broke, but three planes were
damaged and several of the runways experienced
damages as well. The water flowed over Inter-
state 64 and closed the interstate for 3 to 4 weeks.

Economic and Social Impacts. Total
losses were estimated at $520 million. This
figure includes lost wages, damage to contents,
floodlighting efforts, moving expenses, lease
value differentials, arrd businesses deciding to
move elsewhere. Approximately $200 minim of
the losses were directly linked to damages to
structures and contentf.

Of considerable local interest in the
Chestefleld-Monarch area is the fact that nearby
Federal urban design flood protection projects did
not fail. In 1993, the four Federal urbarr flood
protection projects located within the metropoli-
tan St. Louis area, Missouri and Illinois, pre-
vented flood damages estimated at $2.9 billion.
The occupants in the area of the Chesterfield-
Monarch 100-year flood protection levee sought
Congressional action for higher levels of protec-
tion resulting in this area’s inclusion in the Corps
reconnaissance study,

The Chestefileld-Monarch area is now in
the process of restoring its levee to bring it back
up to Federal Emergency Management Agency
(FEMA) minimum standards for a 1 percent
chance (100-year) levee recertification. Because
this area is developing so rapidly (and for the
reasons summarized in the previous paragraph),
the Chesterfield-Monarch area has obtained
Congressional authorization and funding, direct-
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ing the Corps of Engineers to determine the
feasibility of increasing its level of flood protec-

tion. At meetings with the Corps, the Chester-
field-Monarch area representatives have empha-
sized their desire to obtain protection to a 0.2
percent chance (500-year) flood elevation equal
to that of the metropolitan area’s other Federal
urban flood protection projects.

About 2,790 acres of land within the
Chesterfield-Monarch levee is available for new
development. If fully developed, this area could
generate almost $2,000,000 amually for the City
of Chesterfield through utilities gross receipts
revenues3. It has been estimated that full devel-
opment may result in 14 to 15 million additional
square feet of commercial floor space. The
economic pressures to restore the 100-year
existing Chestetileld-Monarch levee, and raise it
to 500-year protection, are significant.

Change in Stagea. The UNET hydraulic
model, described elsewhere in this floodplain
marragement sasessment, has been used to simu-
late and analyze the urbarr design 500-year flood
protection for the ChesteKleld-Monsrch area.
Had this higher level of flood protection been in
place and properly maintained in 1993, essen-
tially all of the $520 millbn 1993 flood damages
would have been prevented. This does not mean
that an increase in flocd protection is necessarily
justified economically since an annualized
benefit-cost snalysis has not been accomplished.
This higher flood protection would have in-
creased the 1993 flood dmnages of unprotected
arcsa immediately acrcss the Missouri River mrd
those upstresnr fnr a relatively short distance, by
a maximum of 0.8 foot elevation. The economic
and environmental impacts of a maximum 0.8
foot increase in the 1993 flood elevation have not
been determined. As mentioned previously, the
Corps will complete a reconnaissance study in
December 1995 that will exnmine the feasibility
of Federal participation in flood prevention
measures for the Chesterfield-Monarch area.

Summary. While there is general con-

currence in the desirability of reducing the vrd-
nerability of highly developed areas from severe
flooding events, arbitrarily high levels of protec-
tion could lead to inefficient use of scarce re-
sources. The Corps reconnaissance study will
identi~ the economic, social well-being, safety

and environmental costs and benefits (including
residual risks), consistent with Executive Order
12893, Principles for Federal Infrastructure
Investmen&, in determining if flood damage
reduction measures are recommended for Federal
participation.

The $520 million 1993 flood damages

that occurred within the Chesterfield-Monarch
locally financed 100-year levee would have been
virtually eliminated if properly designed and
maintained urban design 500-year flood protec-
tion had been in place similar to the Federal
urban design flood protection which, exists else-
where within the metropolitan St. Louis area.

REFERENCES:

[ Shepard, R, C,, “Floodplain Development

Lessons Learned from the Great Flood of 1993,”
Urban Land, Vol. 53, No. 3, March 1994, Urban
Land Institute, Washington, D.C.

2 U.S. Army Corps of Engineers, The Great
Flood of 1993 Post Flood Reoort, Main Report
and Appendices A-E, September 1994.

3 Chestetileld Valley Development Plan, Project
No. 91-PW-18, Phase 1 - Feasibility Study,
August 1992, prepared by Black & Veatch in
association with Development Strategies, Incor-
porated.

‘ Executive Order 12893 of January 26, 1994,
Principles for Federal Inffnstructure Investments.

Im act Stuu dv Reach - River Des Peres Un-
prntected Urban Area - Citv of St. Louis and
St. Louis Countv. M issouri

Background. The lowermost 2.8 miles
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of the unprotected River Des Peres area has been
selected u su impact study reach because it
suffered unprecedented 1993 flood damages and

because useful basic data are readily available,
River Des Peres is a heavily urbanized Missis-

sippi Mver tributary with the city of St. Louis on

its north bank rrnd, with a few exceptions, St.

Louis County on its south,

The St. Louis District, Corps of Engi-
neers, is currently conducting a reconnaissance
study of that portion of the River Des Peres area
subject to Mississippi River backwater flooding.
This analysis will consider economic (National
Economic Development), social well-being,
asfety and environmental consequences (includ-
ing residual riska) in examining the feasibility of
alternative structural and nonstrrrctural flood
dmnage reduction measures that may be recom-
mended for Federal pmticipatimr. Therecormais-

srmce study is currently scheduled for completion
in December 1995.

Several previous flood damage abate-
ment studies have focused on Mississippi R]ver
backwater flooding along River Des Peres.
These studies addressed the feasibili~ of both
nonstructural snd structural flood protection to
prevent Mississippi River flooding along Rhrer
Des Peres. ‘fhesestodie sarereference datthe
endofthis discussion. Itwaadetennirred thatthe
cost for a major riverfront levee was eco-
nomically justified if there was no requirement to
pump interior storm water accumulating during
Mississippi Rlverfloodsl. Nonstmctural flood
protection measures, including the possibility of
buyouts, have consistently been found to be
economically infeasible,

Four Federal urban design flood control

projects exist in the St, Louis metropolitmr area,
Missouri and Illinois, near the unprotected River
Des Peres area. Those existing Federal projects
withstood the 1993 flood event and prevented

$2.9 billion inurban flood damages. Meetings
with River Des Peres floodplain occupants have
revealed the strong local desire to obtain flood
protection equivalent to the four adjacerrt Federal
urban flood control projects that have suc-

cessfully survived several flood eventa, including
1993. Dataaboutthe fourexisting Fedmalurbarr
flood protection projects are shown in Table 9-

10.

1993 Flood. The frequency of the 1993
flood event for the River Des Peres impact study
reach is estimated to be between 150 and 200
years recurrence interval. In 1993, the Missis-
sippi Rlverinundated 691 homes and200 busi-
nesses (891 structures) inthelowermost 2,8 miles
of Rker Des Peres. Flood damages were more
complex and more expensive to resolve than tbe
flooding experienced in semi-urban, rural or
agricultural areas because of extensive infrastruc-
ture. In 1993, the area’s storm water, sanitary,
snd combined sewers backed up foul floodwaters
into the basements of homes mrd businesses at
considerable distsnces away from the overland
flooded sreas. Introduction of commercial,
industrial, snd human wastewaters into the base-
ments of homes and businesses caused unique

flnuddamages withassociated heakharrdssnita-
tion problems.

During the 1993 flood, sandbags were
placed on top of an emergency levee installed
during and after the previous 1973 flood of
record, Heroic local floodlighting efforts saved
some areas, while efforts for other areas failed.
Based on public meetings, local interviews and
newspaper articles, the local citizens living in and
near the River Des Peres floodplain appear to be
of theopinion that the 1993 flood catastrophe is
theworst flood event tbatcould occur. Partially
based on this misconception, local rebuilding
efforts are focused on schieving levels of protec-
tion (or elevation) that match or slightly exceed
the 1993 flood level.
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Table 9-10
EXISTING FEDEIWL URBAN FLOOD PROTECTION

METRoPoLITAN ST. LOUIS AREA, MISSOURI AND ILLINOIS

AREA COS# OF FLOOD DAMAGESBPREVENTED

NAWEOF PROTECTION [ACRES) CONSTRUCTION 1993 EVENT ALL PREVIOUS

EVENTS
ILLINOIS
Wood River 13,700 $ 17,0 S3,700 $ 1,245,000,000 5 3,147,000,000

East St. Louis 61,645 69,845,100 972,000,000 2,404,000,000
Prairie VU Pcmt 9,560 5,995,400 3,000,000 80,000,000
subtotal Illinois S4,905 92,924,200 $ 2,220,000,000 $ 5,631,000,00D
MISSOURI
City of St. Louis 3,160 $ 79,505,200 $ 680,000,000 S 1,589,000,000

ToTAL ILL G MO 108,053 $172,429,400 S 2,900,000,000 S 7,220,000,000

ACosts at vsrious times of construction.
‘Dsmages at October 1993 price level.

(Source U.S. Army Engineer District, St. Luuis, 30 Sep 91 project maps bunk snd CELMS-PD-E annual report dats
through fiscal year 1993)

Frrture Lsrger Flood Eventa. Because
property owners incorrectly believe that protec-
tion to the 1993 flood elevations will save them
from all future flood events, the Corps and
FEMA have at every possible opportunity at-
tempted tocorrect that false impression. Corps
analysis has recently verified estimates that
indicate that the urban design 500-year flood

elevation in the River Des Peres srea is about 2 to
2.5 feethigher thmrtbe 1993 flood disaster. The

existing metropolitmr St. Louis srea Federal
urban flood protection projects have a top eleva-
tion another 2 feet higher, which is 54 feet on the
Market Street gage. Tosssistproperty uwnersin
assessing their future fled dsmage exposure, 54
feet on the Market Street gage has been plotted
on maps and discussed at public meetings.
Furthermore, those River Des Peres occupmrts
who may be eligible for future buyouts on the

bsais that a flood reaching 54 feet on the Market
Street gage will dsmage their structures 50 per-
cent or more have been identified. The purpose
of these efforts is to caution local property owm-
ers that preparations need to be made now to

protect against future fbods larger thsn the 1993
flood event. Table 9-11 indicates the magnitude
of the local impacts of the 1993 flood event
versus 54 feet on the Msrket Street gage. It
should be noted that sewer overflow flooding
caused by Mississippi River floods affects a
significant number of~ structures.

Residential and commercial sress along
the lowermost 2.8 miles of River Des Peres sre

continuing to suffer an economic decline inten-
sified by the 1993 flood event. Homes arrd
businesses are aging, and the impact of flooding
further reduces property values. FEMA is relo-
cating some stmctures that suffered 50 percent or
more flood dsmage in 1993, but remaining resi-
dents sra concerned that the resulting open space
leaves undesirable gaps in the neighborhood,
destroying community integrity. The flood
insursmce program does not prevent flood dam-
ages, but rather indemnifies losses after they
occur.
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Table 9-11
Floodplain Management Assessment
River Des Peres Impact Study Reach

Lowermost 2.8 Miles
1993 Flood Compared to 54 Feet Market Street Gage

t4U14E!EROr? STRUCTURES PLOQDED
OVERLAND PLOODING SEWER OVSSJ?LOWPLOQDING

STRUCTURX TYPE J2.21 54 FEET dS!S!3_ 54 PEE’T FLOOD

Residences 691 3,014 NA NA
Commercial/industrial 200 497 NA NA

TOTAL 891 3,511 2,069 4,000+

NA = Datn specific to residences versus commercial/industrial stmctures not readily nvailable at this time (total

estimates are being developed for reconnaissance study under preparation).

In truth, the flood insurance program
may encourage some people to stay in the flood-
plain because some of their flood drmrages are
then covered by insurance, in some cases, at
federally subsidized rates. Orre apartment owner
and his low income tenmrts have indicated they
were frnmrcially ahead after suffering the previ-
ous record 1973 flood even~.

The potential impact of larger floods on

the River Des Peres impact study reach is appcr-
ent when the number of existing strictures and
their values are considered for a flood reaching
54 feet on the Market Street gage as shown in
Table 9-12. Time and funds to conduct an
exhaustive snalysis of the River Des Peres flood-
ing problems were not available during this
assessment. However, the likelihood of economi-
cally justified flood control improvements does
not look good based on previous Corps study re-
sults. Thus, FEMA may provide the only oppor-
tunity for Federal assistance (other than Depart-
ment of Housing and Urbarr Development (HUD)
community block grmrt monies) for relocation
afier kuger magnitude floods occur in the future.
Less costly alternatives such as floodproofirrg
stmctores may be possible but were not devel-
oped for this assessment.

Preliminary Analysis: Buyouts srrd
Floodwalls. A simple and incomplete nrralysis of
the fust costs of buyouts versus the first costs of
a floodwall has been prepared, but these data
must be evaluated with caution because they are
very preliminary mrd do not reflect the economic
worth of vacated flood- prone properties. The
basic reason for identification of these values is
to specifically recognize that there are no inex-
pensive ways to deal with urbarr floodplain
development. The data in Table 9-13 is bssed on
addressing the structures affected by a flood
reaching 54 feet on the Market Street gage,

V/Me there is general concurrence in the
desirability of reducing the vulnerability of
highly developed areas from acvere fleoding
events, crbitmrily high levels of protection could
lead to inefficient use of scarce resources. The
Corps reconnaissance study will identify the
economic, social well-being, safety arrd environ-
mental costs and benefits (including residual
risks), consistent with Executive Order 12893,
Principles for Federal Infrastructure Investment”,

in determining if flood damage reduction mea-
sures sre recommended for Federsl participation.
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Table 9-12
Floodplain Management Assessment

Existing River Des Peres Development
54 Feet Market Street Gage (1989 Price Level)

RESIDENTIAL COMMERCIAL TOTAL

m CAT10N GQrJN.1 VALUE cQ!JN.2 VALUE m VALUE

CITY OF ST. LOUIS*”
mile 0.00 - 0.85 194 $ 2,197,419 244 $29,390,381 438 $31,587,800

0.85 - 1.60 1,275 18,578,042 153 16,443,971 1,428 35,022,013
1.60 - 2.80 608 17,941,235 6 5,285,900 614 23,227,135
,+,~ubt~tal 2,077 $38,716,696 403 $51,120,252 2,480 $89,836,948

ST. LOUIS COUNTY***
mile 0.00 - 1.63 549 .$8,318,905 94 $26,914,598 643 $35,233,503

1.63 - 2.48 331 10,332,150 0 0 331 10,332,150
2.48 - 2.80 57 2,046,060 0 0 57 2,046,060

●**subtotal 937 $20,697, 115 94 $26,914,598 1,031 $47,611,713

RIVER DES PERES****
*,,+*Total*+*+* ● 3,014 $59,413,811 497 $78,034,850 3,511 $137,448,661

(Note: values not adjusted for 1993 buyouts, relocations, or abarrdonments)

Table 9-13
Existing River Des Peres Urban Development

Impact Study Reach
Approximation of Buyout Veraus Floodwall Costs

54 Feet Market Street Gage

LOCATION
RESIDENTIAL AND COMMERCIAL S U ESTRUCT R

COUNT BUYOUT COSTS FLOODWALL LEAST COSl

CITY OF ST. LOUIS*”
mile 0.00 – 0.85 438 $ 76,700,800 NA $ 76,700,000

0.85 - 1.60 1,428 199,000,000 $29,350,000 29,350,000
1.60 - 2.80 614 76,000,000 NA 76,000,000

,~+~ubt~tal 2,480 $351,170,000 NA $182,050,000

ST. LOUIS COUNTY**’
mile 0.00 - 1.63 643 $ 84,000,000 NA $ 84,000,000
1.63 - 2.48 331 37,150,000 $21,150,000 21,150,000
2.48 - 2.80 57 6,040,000 NA 6,040,000

●**subtotal 1,031 $127,190,000 NA $111,190,000

RIVER DES PERES’** *
.,, *+ Tonal,**,+ ,+* 3,511 $478,890,000 NA $293,240,000

I
NA = Site inspection indicated that these stream reaches would require inordinately long levees or floodwslls to
protect relatively few structures, arrd thus, a structural solution was considered to be not applicable at this time.I

(Note: values not adjusted for 1993 buyouts, relocations, or abandonments)
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Potential Additional Federal Cuupera-
tion. FEMA arrd the Corps could further explore
the possibility of additional collaborative plarr-
ning focused on the social well-being of less
aftluent floodplain occupants. This effort could
be designed to provide a more humarre and
fiscally responsible approach to minimizing flnnd
damages, with an increased emphasis on non-
structural options that better address the needs of
less affluent areas. For example, this collabora-
tive planning could meld the success of FEMA’s
after-flood response with the Corps success in
providing pre-tloud urban design protection that
proved to he effective elsewhere in 1993. Fur-
ther, the two agencies could pursue a greater
emphasis on permanent nonstructural solutions,
such as buyouts, with structural alternatives
pursued only if significantly less costly and if
coupled with mandatory flood insurance to
handle the flood events that would exceed the
structural design flood,

Summary. The Rker Des Peres impact
study reach analysis of flooding problems for a
heavily urbanized unprotected urban area \eads to
the following observations that may be useful for
similar areas in the Midwest:

1. Flood damages in urban unprotected
areas are made more complex arrd expensive by
existing infrastructure such as storm, sauitary
and/or combined sewer systems.

2. Flood protection for River Des Peres
at the minimum FEMA flood insunmce 100-year
elevation requirement would not have been
effective for the 1993 flood event.

3. Flood protection for River Des Peres
at the urban height 500-year elevation would
have prevented most 1993 flood dmrrages.

4, Nonstructural flood protection
(buyouts) can essentially eliminate all future
significant flood damages, but may be quite
expensive arrd more disruptive to neighborhood
cohesion.

5. Structural flood protection (lev-
ee/ffoodwall) may be less expensive than non-
structural flood protection (buyouts) for densely
urbanized areas.

6. Improved collaboration between
FEMA mrd the Corps could achieve an increased
emphasis on nonstmctural alternatives fncuacd on
the least costly solution for existing flood dam-
ages, to include the needs of less affluent areas.

PROTECT CRITI CAL FACILITY SITESTO
500-YEAR LEVEL

A discussion of the alternative of pro-
tecting critical facilities to 500-year levels of

protection is provided by the Rock Island Dis-
trict. The estimated charrge in impacts from those
actually experienced at the time of the 1993 flood
are noted in Columns Q and R of the matrix
tables at the end of this chapter. Figures 9-1,9-2,
and 9-3 are representative of mapping available
for critical facilities. A list of critical facilities
affected by the 1993 flood is provided in Attach-
ment 4 at the end of the main report.

(WC k Island District Discussion - “Protec~
Prioritv c ritiealFacilitv Sites to 500-vear hv-

e!l.1

The city of Des Moines, Iowa, was used
as a test case to study protecting critical facility
priority sites. The level of protection would be
for the 500-year flood. Only one critical facility
needing additional protection was identified in

the study area. The Des Moines Waterworks on
the Raccoon River was overtopped by the flood

of 1993. The levee protecting the waterworks
was raised after the flood in 1993.

Cultural Resources. Cultural resource
impacts for providing priority sites with 500year
level protection would generally have Mtle effect
on historic structures listed. on or eligible for
listing on the National Register of Historic
Places. However, in cases where the facilities are
eligible for the National Register, the effect could
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be positive. category. For example, some historic bridges
would benefit from this protection.

The primary impacts to archaeological sites
would be from the acquisition of borrow. Con-
struction access, staging, and other associated
impacts also would negatively affect sites. Few,
if any, benefits to archaeological sites can be
predicted for this alternative.

Overall, the effect of tlrk alternative on stmc-
tures is judged to be neutd (5.....W....+S)while the
effect on archaeological sites is judged to be
solidly negative (s.4..0 .....+s).

e ock Island District Discus Protsion - “ ect
ritical Fa ltv S sto5 )ci i ite 00-vear Level”

The Mississippi River - Muscatine, Iow~ to

Hannibal, Missouri - was used as a test case to
study protecting critical facilities. Six major
highway bridges over the Mississippi River were
adversely affected during the flood of 1993. An
inventory of critical facilities affected by the
1993 flood for the Floodplain Management
Assessment impact reach study areas is found in
Attachment 4 of this repert. Figures 9-1,9-2, and
9-3 arc examples of the kinds of maps that can be
developed to show critical facilities.

Bridge access was lost due to flocdng of

approach reads. Approach roads would he ntised
to 2 feet above the 500-yem flood elevation. A
standard desigrr was used for each road consisting
of two 12-foot cmrcrete travel lanes, two 12-fOOt
concrete shoulders, and two 6-foot gravel shoul-
der extensions. The embankment would be
conatmcted of compacted fill with the side S1OFEX
protected by riprap. Affected approach roads
would be raised between 7 and 17 feet, on aver-
age.

Cultural Resources. Cultural resource im-

pacts for providing all sites with 500-yew level
protection would generally have some positive

effects, assuming historic structures listed on or
eligible for listing on the National Register of
Historic Places were among the facilities in this

The primary impacts to archaeological sites
would be from the acquisition of borrow. Con-

struction access, staging, and other associated
impacts also would negatively affect sites. Few,
if any, benefits to archaeological sites can be
predicted for this alternative.

Overall, the effect of this alternative on stmc-
tures is judged to be mildly positive (5....0+.....+5)
while the effixt on archaeological sites is judged
to be solidly negative (5.4,. !,...75).

REMOVING EXISTING RESERVOIRS

The alternative of removing existing reser-
voirs was evaluated through systemic hydraulic
modeling on the upper Mississippi and lower
Missouri River main stems. All five Districts
provide a discussion of the impacts of this alter-
native. The estimated changes in impacts from
those actually experienced at the time of the 1993
flood are noted in Column S of the matrix tables
at the end of this chapter.

f~ mah i trict Discu ion “Removine Reaer-

Md!3!!)

Introduction. The six main stem reservoirs
had a significant impact on reducing the peak
stage experienced along the Missouri River
downstream from Gavins Point Dam. It is esti-
mated that the total main stem storage increased
by more than 9 million acre-feet (ma~ from June
through August 1993. When combined with the
61 tributary reservoirs located with the Mis-
souri River Division, it is estimated that a total of
more than 16 maf of water was stored by the first
of August. Modeling the removal of the main
stem reservoirs wti useful in bracketing the
extreme in terms of discharge.

Change in Stages. The 1993 peak flood

stage without the main stem reservoirs would
have been about 9 feet bigher at Sioux City, 6
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feet higher at Omaha and 3 feet higher at Ne-
braska City. Also, the duration above flood stsge
would have increased from O to 60 days at Sioux
City, from 1 to 67 days at Omaha, and from 25 to
80 days at Nebraska City, Because of the influ-

ence of the dams, the return period vsried widely
from a 2- to 5-year event at Omsha, Nebraska, to
a 50- to 100-year event at Rrdo, Nebraska.

Change in Flood Damages. Omaha Dis-
trict’s analysis showed a saving of over $980
million in damages prevented in Omaha District
alone by the system of main stem dams. Of
course, the previous caveats on using these
numbers in an absolute sense still apply, but the
large number puts in perspective the role the
reservoirs played in preventing damage and
saving lives.

Change in Government Expenditures.
Government expenditures for emergency re-
sponse, disaster assistmrce, and FCIC and NFIP
indemnities were estimated to increase by over

$474 million. A portion of the indemnities would
be prepaid by participants.

Change in Value of Floodplain Resources.
Real estate value could be significantly decreased

because of lower expected capacity to produce
income in the future. The effect would be ex-

tremely large and very burdensome to affected
landowners, communities, businesses, local
taxing authorities and others, The decreases in
value snd sny costs of dlslncation, relocation, and
mitigation would show up partly as financial
costs and partly in decressed economic activily in
the mea. To estimate the total change in value of
floodplain resources is beyond the scope of this
assessment and requires su snalysis of smmalized
costs and benefits, This is discussed in the
section on sensitivity of results at the end of this
chapter.

Change in Risk. Several cities, railroads,
highways (including I-29), and critical facilities
would be more vulnerable to flooding as would a
very large number of acres of extremely good

cropland. Also, there would now be substantial
flooding in the reach between Gavins Point Dam
and Omaha, Nebraska, which experienced very
little flooding from the Missouri River in 1993.

Change in Environmental and Cultural
Resources. In the Gavins Point Dam to Rule,
Nebraska, study area, removal of the main stem
reservoirs would result in massive ecosystem
reversals, There would be an immense change in

land use from agricultural to natural and perhaps
even from urban to natural in the floodplain.
Wetland acres would increase substantially.
Threatened and endangered species such as the
pallid sturgeon, piping plover, and interior least
tern would benefit as well as other native fish snd
wildlife species in the Missouri River floodplain
from removal of the dams.

Cultural resources in the study area may be
threatened by increased flooding.

Implementation Costs. The no-reservoir
analysis was done to determine the benefit of
existing reservoir retentinn and no implemen-
tation costs were considered. Costs of environ-
mental and cultural mitigation, relocation of
residents or businesses, and effects on local

schools, communities, and relevant taxing author-
ities also were not quantified for project costs.

Summary. Increasing the inflow to the study
reach greatly increased computed stages, dis-
charges, damage, and risk, The increase varied
throughout the reach depending on many factors,
most notably distance from the main stem dams,
the effects of levee failures, and inflow bydro-
graphs. The analysis underscores the tremendous
flood control benefit provided by the present
system of reservoirs.

(Kansas Citv Discussion - “Removinp Existing
Reservoirs”)

Change in Stages. This alternative would
increase 1993 flood stages in all reaches by 0.4
foot to 5.1 feet. The St. Joseph reach would
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experience less than a one-half foot increase,
while the Kansas City and Herrnann reaches

would have significant stage increases of 5.1 feet
and 3.6 feet, respectively. The Waverly and
Boonville reaches would have stage increases of
1 to 1.5 feet.

Change in Flood Damages. Without exist-
ing reservoirs, Residential flood damages would

increase an estimated 7 percent due to increased
flood stages. Other Urban flood damages would
increase by more than 500 percent, mainly be-
cause the increased flood stages would cause six
urban levees in the Karrsas City metropolitan area
to be overtopped. These levees held during the
1993 flood event.

Agricultural and Other Rural damages are

estimated to have only slight increases. Less than
2,000 additional crop acres are flooded with this

alternative.

Change in Government Expenditures.
Emergency response costs are expected to in-
crease with this alternative because of increased
stages and increased flood fight costs, patiicu-
Iarly in the Kansas City metropolitan area. An
insignificant increase would be expected in
agricultural disaster relief costs based on the
slight increase in crop damages with this altern-
ative. Disaster relief costs related to human re-

sources could be expected to experience a signifi-
cant increase based on the high increase in Other
Urban damages arrd the increased Residential
damages. NFIP payments would increase. This
assumes more people would buy flood insurance
with no upstream reservoirs in place, arrd as-
sumes increases in payouts due to increased
stages and damages with this alternative. Crop
damages are slightly increased with this akema-
tive, and more agricultural producers may pur-
chase crop insurnnce in the absence of upstream
reservoirs. Therefore, a low increase in FCIC
payments could be expected with this alternative.

Change in Value of Floodplain Resources.
In the absence of upstream reservoirs, protected

crop acres (about 700,000) would have lower
levels of protection and thus lowerlandvalues

due to the increased stages in all the reaches. An
estimated 10 percent decrease overall in the Net
Agricultural Production category could be ex-
pected for the affected acres.

Without existing reservoirs, levees protecting
urban (non-crop) acres would also provide lower
levels of protection because of the increased
flood stages in all the reaches, Six urban levees
protecting more than 10,000 urban acres would
overtop in the Karrsas City area. The estimated
decrease in the Net Urban Real Estate Value
category could be about 30 percent overall for the
affected areas.

Change in Risk. The number of critical
facilities in both categories would be expected to
increase with this alternative due to higher stages
arrd the overtopping of the urban levees in Kmrsas
City. The number of people vulnerable could
increase significantly and the number of commu-
nities arrd residential structures vulnerable might
also be expected to increase with the increased
flood stages under this alternative.

Other Implementation Costs. Implemen-
tation costs to raise urban levees overtopped with
this alternative could be high.

Summary of Alternative Without Federal
Reservoirs. [f the Federal reservoirs had not
been in place prior to the 1993 flood, the urban
damages would have increased in the range of
500 percent, because urban levees in the Kansas
City area would have overtopped. It must be

understood that under this alternative existing
levels of flood protection would be reduced due

to greater in-stream flows. Since the majority of
farmland in the floodplain was inundated, the
change to both the agricultural areas and wet-
lands without reservoirs would have been insig-
nificant. Without reservoirs, the government
recovery expenses and the number of critical
facilities at risk would have been substantially
increased. The market value of floodplain real
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estate affected would have been reduced 10 to 30
percent.

@ t. Paul District Discussion - “Removing
Existirw R eservoirs”)

Examining the 1993 flood if no reservoirs
had been in place affects the St. Paul Dktrict in
relatively limited ways. Because of the limited
storage capacity of the reservoirs upstream on the
Minnesota River, releases equaled inflows for
most of the period of extensive rainfall, meaning
that the downstream stages were not sigrrificrsrtly
reduced. The 1993 flood was approximately a
50-year event on the portion of the Minnesota

River being evaluated. Removing reservoirs on
the Mimesota River would have had insignificant
effects on Mississippi River stages in the St. Paul
District during the 1993 flood event.

The environmental work group assumed that

this akemative would not affect land use in the
downstream floodplain in spite of increased
frequency of flooding (assuming existing farm
program incentives). There would be no con-
stmction impacts associated with this alternative
within the floodplain. Because changes iri stage
would be slighL changes in im~ct categories for
the 1993 event would be negligible. For smaller
events, there would be some negative impact,
especially in upstreanr areas along the Minnesota
River, if the Big Stone Lake and Lac qui Psrle
reservoirs were not in place.

Without the Lac qui Parle reservoir, Fort
Renville and archaeological sites around the
reservoir would not have suffered the adverse
effects of the pool being so high for so long. In
the study reach between Mankato and Henderson,
the reduction in the flood height would have been
negligible, and therefore the effect of the flood on
archaeological and historic sites would not have
changed.

In the long term, the “no reservoir” altern-
ativewould likely result in cbmrges in land use in
the floodplain of the Mlmresota River because of

increased frequency of flonding. In annually
flooded zones, this would likely cause agricul-
tural land to revert to a natural condition. Farm:
ing would continue in other areas depending on
various Department of Agriculture incen-
tive/price support/disaster payment programs.
Lac qui Parle and Marsh Lakes are significant
waterfowl staging areas during the fall migmtirsr.
Lac qui Parle Lake is also an important regional
fishery and recreation area. Removal of the dams
would significantly alter the current nature and
use of those areas.

(Rock Island Dist rict Discuss ion - “Removing
Existirw Rese rvoirs”)

Three major flood control reservoirs located
on the Iowa and Des Moines Rivers are operated
by the Rock Island District. Coralville Reservoir,
located on the Iowa River about 5 miles above
Iowa City, Iowa, provides flood protection to
Iowa City as well as other downstream communi-
ties and agricultural lands. At full flood control,
its storage capacity is 435,000 acre-feet or 2.62
inches of runoff over the 3,11 5-square-mile
drainage area above the dam. Saylorville Reser-
voir, Incatcd 9 miles above Des Moines, IOWZ on
the Des Moines River, provides 586,000 acre-feet
of flood control storage or 1.89 inches of rmroff
over the 5,823-square-mile drainage area above
the dam. It provides flood protection to the city
of Des Moines, along with the Des Moines Local
Flood Protection Levee project.

Red Rock Reservoir, operated in tandem with
Saylorville Reservoir, also located on the Des
Moines River, provides 1,484,900 acre-feet of
flood control storage which translates to 2.26
inches of runoff over the 12,323-square-mile
drainage area above the dam. It is located ap-
proximately 30 miles southeast of Des Moines
and provides floed protection on the Des Moines
River to tbe communities of Tracy, Ottumwa,
Eddyville and Keosauqua, IOWZ as well as to

agricultural lands. Flcal control benefits are also
achieved along the Mississippi River. In ordsr to
determine the impact that reservoirs bad on the
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1993 flood, hydraulic routings were performed
using reconstituted hydrogmphs of the 1993 fleod
without reservoir holdouts from Coralville,
Saylorville, and Red Rock.

In general, stage reductions provided by the
reservoirs along the tributaries were of vital
importance in protecting property and lives in
communities downstream. Without the reser-
voirs, levees protecting urban areas and critical
facilitieswould have beeninjeopardy. However,
on the main stem of the Mississippi River, the
stage reductions were minor due to themsssive
volume of runoff entering the system between the
reservoirs and the Mississippi River.

Cultural Resources. Cultural resource im-
pacts without reservoirs, assuming existing
reservoirs reduced downstream Ievee failures to
snme extentj are judged to be slightly negative for
bnth historic properties (additional fled damage)
and for archaeological sites (additional flood
damage and additional damage from repair
activities).

Dverall, the effect of this alternative on stmc-
tures and archaeological sites is judged to be
slightly negative (“s.....10.... .+s).

f is it”~g ion - “Removin

Background. This alternative assumes no
existing reservoir fleed control storage. Not only
would 25 agricultural levees overtop, but the 5
urban design levees would have overtopped.
TIds action would cause an increase of $7 billion
in economic damages from the base condition.
The virtual crippling of the St. Louis metropolitan

area would have devastating secondary impacts
on the regional economy and nationwide trans-
portation system.

Change in stages. Simulation of this altern-
ativewas performed to assess the effect of Federal
reservoirs. Discharges were recomputed dowrr-
stresm of all Federal reservoirs assuming that the

reservoirs were removed. Within the St. Louis

District, the Federal reservoirs that affected the
1993 flood consisted of Mark Twain Lake (RM
63.0) on the Salt River and Lake Shelb~ille (RM
221.8) and Carlyle Lake (RM 106.6) on the
Kaskaskia River. The without reservoir dis-

charges were computed at the New Lendon,
Missouri, gage (RM 35.3) on the Salt Rker and
Venedy Station (RM 57.2) on the Kaskaskia
River. The systemic results of removing Federal
reservoirs are displayed in tables in the Hydrau-
lics appendix (Appendix A). The peak stage
increase varies from 0.3 feet at Lock and Dam 22
to 4.1 feet at Lock and Dam 26. From the St.
Louis, Missouri, gage to the Cape Girardeau,
Missouri, gage, the average increase is 4,0 feet on
the Mississippi River. The average increase in
stage on the Illinois River is 2.9 feet and on the
Missouri River is 3.9 feet. Tbe change in the
hydrography because of this alternative is shown
on plates in the Hydraulics appendix. The levee
performance of the Mississippi River, Illinois
River and Missouri River are displayed in tables
in the Hydraulics appendix. The St. Louis, East
St. Louis and Prairie du Pent urban levees are
overtopped in this alternative, as shown in a tile
in the Hydraulics appendix.

Change in damages. All St. Louis District
levees including the urban protection levees and
floodwalls would have been overtopped without
reservoir storage. All cell entries reflect the
estimated impacts.

The alternative of providing additimal reser-
voirs was not evaluated on a systemic basis. Tbe
Rock Island District provides a discussion of
changes that may have resulted in
the 1993 flood if resemoirs that at one time were
proposed on the Rawoon and Skunk River basins
had been in place. The St. Leuis District pro-
vides a discussion of five reservoirs that were
proposed in the Merrmrec River basin. The
estimated change in impacts horn those actually
experienced at the time of the 1993 flood are

9-46



noted in Column T of the matrix tables at the end
of this chapter.

fRoek Island District Discussion - “Added
Reservoirs”J

Comparison of runoff versus storage set aside
for flood control at proposed reservoirs in the
Raccoon and Skunk River Basins was evaluated
to determine if construction of those reservoirs
would have had any significant impact on the
1993 flood.

Raccoon River Jefferson Reservoir. In
1966, an economically justified plan was formu-
lated by the Corps of Engineers to construct the

Jefferson Reservoir. The plan is described in the
report Des Moines River, Interim Review of
Reports for Flood Control and Other Purposes,
Jefferson Reservoir, U.S. Army Engineer District,
Rock Island, 28 Januuy 1966.

The dam site was located in Greene County
about 10 miles upstream from Jefferson, Iowa, on
the North Raccoon River. Tbe drainage area
above the dam site is 1,552 square miles. The
reservoir would be 24 miles in length, covering
portions of Greene, Carroll, and Calhoun Coun-

ties. The narrow valley floodplain has a maxi-
mum width of one-half mile. At elevation 1090,
the area that would be covered is approximately
10,700 acres. Total reservoir capacity would be
312,000 acre-feet, which includes storage allo-
cated for sediment, water quality, and flood
control. Of this, 130,700 acre-feet, which is
equivalent to 1.6 inches of runoff over the basin,

would be allocated for flood control storage. The
reservoir would require a total of 15,200 acres of
land for the project.

Hydrology and Hydraulics. Routing the
1993 flood through the reservoir, along with
volumetric comparisons of runoff versus flood
control storage, indicates that Jefferson Reservoir
would have provided little benefit in reducing
stages downstream in West Des Moines and Des
Moines during the 1993 flood. Limited storage
capacity allocated for flood control, along with
the fact that the majority of runoff was contrib-
uted by the Middle and South Raccoon Rivers,
presented little opportunity tbr flow reduction on
the main stem of the Raccoon River. Table 9-14
shows monthly runoff volume in terms of multi-
ples of allocated flood control storage capacity.

Since levee projects along the Raccoon River
in West Des Moines and Des Moines have been
modified to contain the 1993 flood, construction
of the Jefferson Resewoir is probably no longer
economically justified.

Ames Reservoir. Congress authorized the
Ames Reservoir in the Skunk River basin in
1965. In October 1973, the State of Iowa with-
drew support for the project, In 1984, the project
was reactivated and studied in a General Reeval-
uation Report, Upper Skunk River Basin, Iowa
(Ames Lake), U.S. Army Corps of Engineers,
Rock Island District, July 1987.

The General Reevaluation Report examined
a variety of reservoir options. Reservoir benefits
and costs are shown in Table 9-16 and are de-
scribed as follows:

The cost of the project in 1966 was estimated

at $17,625,000, Of that amount, $695,000 was
assessed to local interests for recreational facili.
ties. The annual charges were calculated at
$738,640 and annual benefits were estimated at
$1,090,931. The benefit-to-cost ratio was 1.48.
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Table 9-14
Floodplain Management Assessment

Monthly Runoff vs. Multiples of Allocated Flood Control Storage Capacity
Jefferson Reservoir, Raccoon River

Monthly Runoff in Inches Multiples of Flood

Month Above Jefferson Reservoir Control Capacity

March 1.86 1.2

April 3.62 2.3

May 2.52 1.6

June 2.40 1.5

July 5.40 3.4

August 2.14 1.3

September 1.12 0.7

Total 19.06 12.0

Table 9-15 shows peak discharges on the North, Middle, South, and main stem Raccoon Rivers.

Table 9-15
Floodplain Management Assessment

1993 Peak Discharges
at Gaging Stations in tbe Raccoon River Baain

Location Peak Discharge in cfs

North Raccoon River near Jefferson, IA 16,900

Middle Raccoon River near Panora, IA 22,400 *

South Raccoon River at Redtield, IA 44,000 *

Raccoon River at Vrm Meter 70,100 *

* Denotes Record Discharge
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Squaw Creek Reservoir. The Squaw
Creek site is about 8.6 miles upstream from the
confluence with the Skunk River. The site is 2
miles upstream from the previously studied
Gilbert Dsnr site. Area development necessitated
moving the study site upstream from the old
Gilbert site. The Gilbert site was economically
justified in 1970 ss a single-purpose flood control
project with a benefit-to-cost ratio of 1.6, The
Squaw Creek site wus studied as a single-purpose
flood control detention dam with a dry reservoir.
A multi-purpose facility including flood control
was not possible because of limited storage
capacity, The site has a drainage area of 160

square miles. The proposed reservoir would have
a length of 4.75 miles mrd a capacity of 20,500
acre-feet at the spillway crest.

1968 Ames Lake (5.2-inch project).
The project site is lo-sated on the Skunk River just
north of Ames. The authorized project provided
storage for 5.2 inches of basin rmroff with a full
flood pool elevation of 976 feet National Geo-
detic Vertical Datum (NGVD). The maximum
pool would cover 7,500 acres. Flood control
storage would be 89,500 acre-feet. The Ames
Lske project was economically justified in 1968
with a benefit-to-cost ratio of 1.5 mrd a cost of

$17.5 million. Due to chsnged conditions by
1986, the project was no longer economically
justified at a cost of $88 million.

1986 Ames Lake (5.2-inch project).
The 1968 plan was reformulated to update the
project to present-day conditions. The reservoir

size remained the same at 5.2 inches. The project
was not economically justified in 1986 at a cost
of $72 million.

1986 Ames Lake (3.6-inch project). A
downsized reservoir was formulated to reduce
sdverse impacts. The project would be sized for
3.6 inches of basin rrmoff. The project was
economically justified in 1986 at a cost of $49
million.

1986 Ames Lake (3.O.inch project). The pro-
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ject would be sized for 3.0 inches of basin rrmoff.
The full flood pod wcs reduced to elevation 965
feet NGVD. Flood control storage would be set
at 51,000 acre-feet. The project was economi-
cally justified in 1986 at a cost of $42 million.

AS in the case of Jefferson Reservoir, Ames
Lske and Squaw Creek reservoirs would have
had little impact on reducing 1993 flood pecks.
Limited florid control storage relative to rrmoff
produces little opportunity for reduction of pesk

stages downstream. Table 9-17 lists monthly
rmroff versus multiples of allocsted flood control
storage capacity for both the Ames Lake 3.O-inch
project mrd Squaw Creek reservoir.



Table 9-16
Floodplain Management Assessment

Economics of Ames Reservoir Alternatives
Skunk River

Vicinity of Ames, Iowa

Reservoir Annual Annual B/C

Alte mative Benefits ($000) costs ($000)
~

Squaw Creek 2,005.8 2,573.9 0.78

1968 Ames Lake (5.2 in) 6,173.6 8,339.7 0.74

1986 Ames Lake (5.2 in) 5,907.7 8,339.7 0.71

1986 Ames Lake (3.6 in) 5,907.7 5,338.2 1.11

1986 Ames Lake (3.0 in) 5,773.4 4,600.6 1.25

Source: General Reevaluation Report, Upper Skunk River Basin, Iowa (Ames Lake), U.S. Army Corps of
Engineers, Rock Island District, July 1987.

Notes:
(1) 8-5/8 percent interest rate.
(2) 1968 Ames Lake (5.2 in) benefits and costs updated to 1986 dollars.

Table 9-17
Floodplain Management Assessment

Mosstbly Runoff vs. Allocated Flood Control Storage Capacity
Ames Lake and Squaw Creek

I I I
Monthly Runoff Multiples of
in Inches Abave Flaod Control

Month Ames Reservoir Capacity

March 2.94 1.0

April 2.51 0.8

May 2.24 0.7

June 4.52 1.5

July 9.62 3.2

August 6.52 2.2

September 2.01 0,7

Total 30.36 10.1

=J=
Monthly Runoff in

Inches Above Multiples of
Squaw Creek Res- Flood Control

ervoir Capacity

3.10 1.3

2.11 0.9
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Cultural Resources. Cultural resource
impacts with added reservoirs, assuming added
reservoirs reduced downstream levee failures to
some extent, would have both positive and nega-
tive impacts on cultural resources. Negative
impacts from construction and operation of the

reservoirs would outweigh the positive impacts of
reduced flooding downstream. Negattie impacts
to stnrctures in the reservoir arm would be offset
to some degree by positive impacts from reduced

flooding downstream. Archaeological sites
downstream could benefit from less damage from

levee repair episodes, but would be more likely to
suffer more intensive agricultural impacts from
reduced floodkig and more secure levees.

Overall, the effect of this alternative on stmc-

tures is judged to be mildly negative (’ ......0 ....~f)
while the effect on archaeological sites is judged
to be solidly negative (-’.P.75)..75).

(S t.Louis District Discussing - “Added Res-

WWirS!Q

Background. During the 1960’s, five
reservoirs were proposed for the Mermrrec River
Basin. The operation of these reservoirs, if
constructed, would not have had a significant

impact on the 1993 flood peak stages because
damaging rainfalls generally did not hit the
Meramec River Basin until well atler the 1993
crest.

Analysis. Additional reservoir oppor-
tmritieswithin the St. Louis District are rare. The
greatest impact of added reservoirs in the St.

Louis District would be for local flood damage
reduction.

REvl SED OPERATION OF RES ERVOIRS

The alternative of revising the operation
of reservoirs was not evaluated systemically.

However, the Rock Island and St. Louis Districts
provide a review of reservoir operation in their
Districts during the 1993 flood. The estimated

change in impacts from those actually experi-
enced at the time of the 1993 flood are noted in.
Column U of the matrix tables at the end of this

chapter.

ock Island District Discussion - “Revised
Oneratinn of Reservoirs”)

Revised operation of existing reservoirs was
another measure to consider in assessing water-
shed marragement. Increased retention or revised
release schedules provide two possible opporhmi-
ties to reduce flood impacts. Both are discussed
below relative to the 1993 flood.

Increased Retention. All three major
flood control reservoirs within the Rock Island
District, Saylorville, Red Rock, and Coralville,
were operated beyond ful I flood control capacity
during the 1993 flood event. Higher authority
gmrrted deviation from approved regulation plans
allowing lower than prescribed release rates in
order to aid floodlighting efforts in downstream
communities and to minimize impacts to affected
critical facilities. As a result, Saylorwille and Red
Rock Reservoirs on tbe Des Moines River rose to
2 to 3 feet above designated full flood control
pool levels. Coralville Resewoir rose to nearly 5
feet above its full flood pool level. High pool
levels began to affect property and facilities

upstream as well as raise concerns about dam
safety. Peak pool stages at all three reservoirs
were coincident with the real estate ground taking
line, For these reasons, increased retention
beyond the range described above would not be
prudent without assessing the need to acquire
additional real estate holdings arrd adequacy of
remedial works upstream of the reservoirs.

Revised Release Schedule. Revising
reservoir operations by adjusting the release
schedule at each of the Rock Island District flood
control reservoirs was examined as a means of
reducing impacts of the 1993 flood. As men-
tioned in tbe discussion on increasing reservoir
retention, operation of all three reservoirs devi-
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ated from approved regulation plans during the
1993 flood.

Baaed upon a limited analysis, minimal impact
would have been realized from increasing re-
leases earlier in the course of the flood to con-
sewe storage that could have been used at a more
critical time. Increasing releases when the reser-
voir is at lower elevations would cause more
frequent downstream flooding by not optimizing
available storage. It must be emphasized that
optimal operation of flood control reservoirs is
accomplished by providing flood damage reduc-

tion for frequent, less severe flood events, as well
as rare, large magnitude events.

Therefore, any revision of release schedules
must consider the entire range of flood events,
which is beyond the scope of this assessment,
Funding is being sought to study operational

and/or structural modifications at Coralville
Reservoir to address changed physical, economic,
and hydrologic conditions that have occurred
since the reservoir went into operation.

f..-

ation of Reservoirs”)

After the 1993 flood, anevaluation of the
operation of the St. Louis District reservoirs was

made, The District has fwereservoirs, buttwoof
them were excluded from the study for reasons
discussed below. The other three were found to
have been operated in a superior manner.

Lake Wappapello on the St. Francis River had
no impact on the Mississippi River flooding
during 1993. The St. Francis River confluence
with the Mississippi River is near Memphis,
Tennessee, far south of the major flooding on the
Mississippi River during 1993. A detailed study
of Lake Wappapello was not needed and was not
conducted.

Rend Lake is on the Big Muddy River. Its
confluence with the Mississippi River was within
the area of major flooding in 1993. However;
Rend Lake’s outflow is through an uncontrolled

spillway. The outflow from the lake is deter-
mined by the lake level, and no reservoir opera-
tion is performed.

The Kaskaskia River has two reservoirs that
provided a great deal of flood protection during

the flood of 1993. The Kaskaskia River’s conflu-
ence with the Mksissippi River is approximately
at Chester, Illinois. This area was affected by dre
1993 florid. Lake Shelbyville and Carlyle Lake
operated as a system. Except for backwater from

the Mississippi Rker, the Kaskaskia River expe-
rienced no fluud damage during the 1993 flood.
The discharge from these two reservoirs did not
add to the many crests or the duration of the 1993
flood, In fact, every crest of the Mississippi
River in 1993 was reduced by the operation of
these two projects. The operation of these two
reservoirs did not prolong the duration of the
flood. The two Kaskaskia reservoirs were both
success stories during the 1993 flood.

Mark Twain Lake on the Salt River was an
exceptionally successful case. Extremely close
coordination with the downstream landowners
association (LSRBA) played a critical role.
Close coordination and frequent special internal
river forecasts allowed the water control manager
to release water at the optimum time and provide
the maximum possible flood control benefits for
both the Salt River and Mississippi River Basins.

The Mark Twain flood control pool was tilled
and emptied 3.5 times during 1993 with not a
single damaging release. The regulation at Mark
Twain Lake was superior.

The St. Louis District’s three reservoir projects
all had a positive impact on the 1993 flood. No
changes are needed to the water control manuals
for these projects, based on post-flood analysis.

~

PERCENT

The alternative of reducing upland runoff
was evaluated as a systemic hydraulic model,
with greatest emphasis on evaluation of reduc-
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tions in stage and change in impacts on the
Mississippi rmd Missouri River main stems. The
Omaha, St. Paul, Rock Island, and St. Louis
Districts have provided an evaluation of the
impacts of this alternative. The estimated change
‘in impccts from those actually experienced at the
time of the 1993 flood are noted in Columns V
and W of the matrix tables at the end of this

chapter.

@malra District Disc ussion” Reducing U~ land
Runoff bv 5 or 10 Percent’Q

Introduction. Various policy and struc-
tural messrsres exist which may reduce runoff mrd
lower inflow rates to the river systcm. Assess-
ment of the potential effect that these akematives
may have wcs performed by reducing inflow
hydrography to the UNET model by 5 and then
10 percent.

Change in Stages. Pcsk stages were
reduced by a mirrormnount of -0.5 to -0.7 foot at
most locations for the 5 percent reduction. For
the 10 percent alternative, peak stage reduction
vsried from -0.8 foot to -1.4 feet at most loca-
tions. Peck discharge reduction varied with srr
average generally equal to the original 5 or 10
pemcnt applied to tic inflow hydrography.

Change in Flood Damages. Reduction
in dsmages with 5 and 10 percent reductions of
upland mnoff amounted tu $6 million and $8
million, respectively.

Change in Government Expenditures.
Government expenditures for emergency re-
sponse, disaster assistance, and FCIC and NFIP
indemnities were estimated to decrcsse by over

$6 million with a 5 percent reduction and over $9
million with a 10 percent runoff reduction. A
portion of the indemnities would bc prepaid by
pcrticipcnts.

Change in Value of Floodplain Re-
sources. Real estcte values would bc modestly
incrccsed, mostly in the very marginal areas

because of lower cxpectcd recurrence of flood-
ing. To estimate the total chsrrge in value of
floodplain resources is beyond the scope of this
assessment and requires an analysis of srmualized
costs and benefits. This is discussed in the
section on sensitivity of results at the end of this
chapter.

Change in Risk. Vulnerability of peo-

ple, residences, communities, and critical facili-
ties to flooding would be slightly reduced.

Change in Envimnmesrtal and Cultur-
al Resources. If the reduction in upland runoff
includes the creation of wetlsnds, grassed or treed
buffer strips, conservation lands and other similsr
nonstructural measures, there would be an in-
crease in wildlife habitct and an improvement in
water quality which would benefit the aquatic
ecosystem. On tic other hsnd, runoff reduction
could have a negative impact on tbe aquatic
ecosystem hy reducing peck flows which trigger
natorsl river fish spawning.

There would likely be no significant

effect on cultural resources as a result of this
alternative.

Implementation Costa. There are no

easily attainable project cogs associated with tic
farming prccticcs cud land conservation practices
needed to attsin this level of runoff reduction.

Summary. There are considerable
benefits to bc achieved in envirunmcntrd en-
hancement. The cost of implementing the large-
scale land management chsrrges was beyond the
scope of this assessment.

@t. paul District Discussion - “Red ucing
~land Runoff bv 50 r 10 Percent”)

The correspmrding hydraulic model outputs for
decreasing the runoff by 5 and 10 percent, re-
spectively, in 1993 flood stages for most loca-
tions along the Minnesots Rlvcr downstream of
Mankato, and the Mississippi Rhmr
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from the Minnesota River confluence down-
stream, are on the order of 0.5 foot for the 5
percent reduction and 1 foot for the 10 percent
reduction. Given the absence of significant fbod
losses in these areas during the 1993 flood, little
to no benefit would be realized. However, for
larger events in the St. Paul District area, these
alternatives could have measurable benefits.

Also to be considered are the benefits and

costs that would accompany changes in policies
and programs that would be required in order to
achieve the amount of runoff reductions in the
upland watershed areaa that were assumed by the
hydraulic model inns. It is estimated that roughly

2.5 million ADDITIONAL acres would need to
be converted to wetland to provide storage for
excess rainfall in order to achieve a 10 percent
reduction in runoff for the 1993 event in the St.
Paul District alone, and that 1.25 million addi-
tional acres would be needed to achieve the 5
percent reduction in runoff. It has not been
determined that the number of acres with suitable
characteristics are present or available for such

pmP@.es, nor does it consider that other acreage
may also have to be dedicated for buffering
purpeses to assure satisfactory functioning of the
converted wetlands. It is these kinds of changes
in the upland areas drat account for the estimates
of changes in impacts that are provided at a
conceptual level in the matrix table.

The reduction in flood damages, as

shown in the matrix table, is identified ss $2fN3
million and $400 million, respectively, for the 5
and 10 percent reductions in the St Paul District.
This estimate represents the damages that would
have been avoided if upland agricultural lands
had been converted to wetlands and, therefore,
were not subject to damages. However, the
change in land use in obtaining permanent con-
servation easements would lead to reduced
properly values and decreased properly tax
receipts. The extent of this reduction, given the
large number of acres needed for conversion to
achieve this level of runoff reduction, would be
significant but has not been quantified.

Watershed reduction measures would be
located out of the floodplain, and would not
directly affect land use witbin the floodplain
study area. It was assumed that flood reduction
effects tlom this alternative would not indkectly
affect land use in the floodplain, although long-
terrn reductions in flood frequency in the flood-
plain could make agricultural production more
viable, with a resulting increase in floodplain
agricultural land use.

Generally, upland retention kind treatment
measures such aa wetland restoration would have
no adverse effects on cultural resources and could
benefit them by reducing farming impacts. Some
activities that may require extensive grading or
excavation (such as terracing or construction of
small retention reservoirs) could destroy or
inundate archaeological sites. Therefore, the
potential effect for implementing this alternative
was rated as -1 for archaeological sites.

Water quality could be significantly improved
due to the decreased amount of sediment and
agricultural chemicals being transported to the
river. Wetland restoration and land treatment
would result in a substantial increase in wildlife
habitat. Waterfowl and other wetkurdlgrassland
dependent species would directly benefit tlom
these actions. On a regional basis, restoration or
improvement of these habitat types would in-
crease habitat diversity and overall habitat quality
for wildlife and would provide significant recre-
ational benefits.

Although Upland Retention alternatives do not
indicate major changes in floodplain impact
categories, there are significant changes that
could result throughout the watershed-floodplain-
river system depending on the type of retention
measures used. As discussed above, to attain a
10 percent reduction of the 1993 flood would
require a rough estimate of 2.5 million acres of
restored wetlands. A realistic approach to upland
retention would likely consist of several pre-
gmms that consider conservation practices,
detention ponds, wetland
restoration, etc. to attain significant upland water
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storage, The most significant impacts seen in the
floodplain from such measures would likely be
water quality related. A major existing land set-
aside program that generates significant water
quality benefits is the Conservation Reserve
Program (CRP). It has been estimated that the
CRP will generate up to $3.5 billion in water

quality benefits alone (R1baudo, 1989) snd up to

$11.2 billion in overall environmental benefits
(Ribaudo, Colacicco, Langer, Piper, Schaible,
1990). CRP mainly converts highly erodible
lands to grassland cover, but in combination with
other programs, results in wetland restoration as
well. It is likely that programs of this magnitude
would be required to meet such runoff reduction
targets, but when viewed in the context of the
recent emphasis on ecosystem management and
interagency partnerships and goal setting, bene-
fits beyond simple flood storage could make such
programs feasible. Costs would be high, but
benefits would also be high.

I [Rock Island District Discussion - “Reducing
Urdand Runoff bv 5 or 10 Percent”)

UNET simulations assuming runoff volume
reductions of 5 and 10 percent were made to
determine how Mississippi River water surface
profiles of the 1993 flood would have been
affected, These conditions were simulated in
order to gauge the sensitivity of Mississippi River
stages to runoff reductions and in no way imply
that a 5 to 10 percent reduction in runoff volume
is achievable. However, the Hylmulics appendix
(Appendix A) discusses measures that could be
taken to achieve a portion of the assumed volume
reductions. Table 9-18 compares the 1993 flood
stages with computed stages coincident with the
assumed volume reductions.

Cultural Resources. Increased retention or
revised release of water could both have negative
impacts to cultural resources by increasing ero-
sion high in the flood pools, or beyond, and by
increasing bank erosion in the downstream areas,

Overall, the effect of this alternative on struc-
tures and archaeological sites is judged to be

generally negative (-’....,+.)..,+’).

(St. Louis District Discussion - “Red”cirpg
Urdarrd Runnff bv 5 or 10 Percent”)

Runoff Reductions. These alternatives
reflect the assumption of 5 and 10 percent reduc-
tions in basin-wide runoff, The 5 percent reduc-
tion in runoff would not have prevented any of
the agricultural levees from overtopping, and all
reductions in economic damages accrue to the
lower stages in unprotected areas. The 10 per-

cent reduction in runoff would have prevented
tbe overtopping of four levees with the damage
reductions applying to those areas as well as to
the unprotected areas.

For these alternatives, the observed runoff
hydrography from all tributaries to the Missouri
and Mississippi Rivers for tbe 1993 flood were
reduced by 5 and 10 percent. The reduction was
performed on each ordinate, resulting in a total
volume reduction. Large retention structures on
all tributaries would be needed to result in this
type of total hydrography reduction. The systemic
results for the runoff reduction of 5 and 10 per-
cent are displayed in tables in the Hydraulics ap-
pendix, The average peak stage decrease from
Lock and Dmn 22 to Lock and Dam 26 is 0.5 foot
and 1.6 feet, and from the St. Louis, Missouri,
gage to the Cape Girardeau, Missouri, gage is 0.9
foot mrd 1.4 feet, respectively, on the Mississippi

River. The average decrease in stage on the
Illinois River is 0.4 foot and 1.9 feet, and on tbe
Missouri River is 0,5 and 0.4 foot, respectively.
The change in the storm hydrography because of
this alternative is shown on plates in the Hydrau-
lics appendix. The levee performance of the
Mississippi River, Illinois River and Miswuri
River are displayed in tables in the Hydraulics
appendix,
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Table 9-18
Floodplain Management Assessment

1993 Flood Stages with Assumed Runoff Volume Reductions
Mksissippi River

5~o Runoff 10Y. Runoff

Computed Reduction Reduction

Location WSEL Difference in Feet Difference in Feet

. . . .. 1 . . . 1
.,.

I

I I
Muscatine, Iowa <<6 n .n 7 .1 < 4

Burlingfnn lmw~ 576 A I -n Q I -1 7

Quincy, Illinois 49U.U I -U.9 I -1.4

Hannibal, Missouri 476.0 -1,0 -1.9

,.- ... .- ..- 1 -.. . I
. . .

1
.

-1

SENSITMTY OF RESULTS

The Midwest flood of 1993 was a devastating
arrd improbable event, which exceeded the design
stage of many flood protection systems, both
urbarr and rural. Impacts were felt by a diversity
of interests, both in mrdoutside the floodplain.
Evaluation of potential changes to those impacts,
based on “Action Alternatives,” is a difficult and
imprecise undertaking.

In attempting to assess the changes in 1993
flood impacts that might be attaiued through the
action alternatives, hydraulic. modeling and
associated land use analysis provided the analyt-
ical tools. It is important torealize that, due to
the huge assessment area and the lack of detailed
(site specific) analysis, directional changes to
flood impacts are more important than absolute
quantification.

The analyses conducted for this study are
assessments of what would have been different in
the 1993 flood ifany of the action alternatives
had been in place at the time of the flood.
County level 1993 flood impact data and the
1993 flood event were examined and used in the
systemic analyses. Results of the analyses are
sensitive to the estimates of the change in the
1993 flood damages due to changes in flood
stages, arrd to the estimates of charrge in the
market value of land based on differences in level

of protection. Interior drainage problems were
not considered in the analyses. Detailed studies,
with analyses of expected annual dmrrages and
benefits considering the full array of possible
flood events, arrd resulting impaxs to other areas
in the system, would be required if any of the

action alternatives were to be considered for
implementation.

The alternatives examined address only

overbank flooding on the main stems and a few
reaches of major tributaries, which represented a
small, but nevertheless importsmt, portion cf total
darnages.

Hydrologic and Hydraulic Modeling.
The sensitivity of results to hydrologic and
hydraulic model inputs is discussed in Chapter 8
and in more detail in Appendix A.

Effects on Real Estate Value. The desir-
ability of investment in any of the various engi-
neering alternatives is very sensitive to the effect
on land values associated with each alternative.
Sometimes an alternative may make one location
more vulnerable while adding protection to
another area.

Changes may involve totals larger than either
project costs or incremental charrges in danrage
from the 1993 flood. These differences in land
values represent the differences among the vari-
ous alternatives in the present value of all future
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income production. To complicate the question,
tbe actual change in market value reflects not the
present value of future productivity but people’s

perception of that value, And, to further compli-
cate the analysis, the value of this agricultural
land is also affected by tie various governmental
programs involved in agriculture.

What is required is to employ one of two
methods that were not possible to tit within this
assessment. The first method would be to do a
comparison of the present values of all future
annualized danrages. The result would give the
capitalized differences in the present value of
expectations of future productivity. This ap-
proach is consistent with the national economic
development evaluation traditionally employed
by the Corps of Engineers in project evaluation,

The second method would be to find differ-
ences in values for areas of cropland vulnerable
at various frequency levels and apply those
estimated differences to the total area benefited
or adversely affected. The benefit is that, if
accurate, the answers will reflect the actual
market. The problem with this approach is that
the values will be based on perceptions that may
not pick up differences in productivity and, more

imwtitly, the true change in productivity from
a national economic development perspective is
not discovered. Typically, the market value of
flooded land tends to rebound as the memory of
the fleod fades. The other problem is that differ-
ences in land values attributable only to differ-
ences in levels of protection are nearly impossi-
ble to discover empirically. An analysis of
estimated annual damages is clearly indicated.

A third method would include the market
price of any and all kmd negatively affected by a
proposed alternative as an added real estate cost
to be included in project costs. This method
assumes that any land negatively affected would
need to be purchased. These costs, in many
cases, may be valid financial costs for any project
initiation, but they do not reflect national eco-
nomic development costs. The only real loss is in

future income production. Even if there were a
necessity to purchase land, the land would have
residual value and could be leased or sold again.

This explanation, although lengthy, is
necessary for three reasons: 1.) The potential
magnitude of losses or gains possible because of
changes in real estate value is so large that it must
be considered a primary element in any such
analysis. 2.) The discussion serves as a basis for
future analytical work. 3.) The methods used for
estimating real estate values for this evaluation
varied between Districts. It is important to note
that the implementation costs, therefore, will not
be directly comparable.

Economic, Land Use, and Damage
Data Limitations. These involve the analysis of
overbank flood effects using county data totals
and incomplete databases and Geographic Infor-
mation System (GIS) coverages for the economic
and risk reduction impacts. These impacts are
noted in the Evaluation appendix (Appendix B)
discussion.

Environmental and Cultural. Envi-
ronmental and cultural resource impact estima-
tions were hugely conceptual in nature.

Interior Pending. A very important
phenomenon, especially in the Omaha District,
affecting alternative results involves interior
pending behind agricultural levees for the 1993
event. For the various alternatives, the altering of
the stage hydrography on the Missouri River will
affect interior pending depths and duration.
Interior pending levels are affected by factors
such as rainfall, runoff from contributing drain-
age areas, seepage, and the peak stage, timing,
and duration of Missouri River hydrography. Tbe
simplified interior drainage study determined that
the alternatives examined would not cause a
significant variation in pending levels from the
base condition. A brief evaluation determined
that pumping requirements to prevent all damage
within the levee areas for the 1993 event are
prohibitive. Detailed evaluation of changes in
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interior pending depth and duration for each
alternative was beyond the scope of this assess-
ment. Whether current drainage stmctrrres and
pumping capability are adequate from a national
economic development perspective is a question
that requires further study.

~~ ION OF
ACTIO N ALTERNATIVES

Genera Sum1 mary

Hydrologic. The analysis performed
illustrates that no single alternative provides
beneficial results throughout the system. Ap-
plying a single policy system-wide will cause
undesirable consequences at some locations.
Several of the alternatives altered hydrography
timing. A complete evaluation is required prior
to implementing any alternative to investigate
performance for a variety of events with different
inflow characteristics. Alternatives that provide
a InCal beneficial impact by reducing flows and
stages may cause downstream consequences
when the timing of levee failures and hydrography
peaks is altered. Understanding results and the
effects of each alternative requires the compari-
son of computed peak stages, discharges, and
levee cell stages at all locations. All of these
variables illustrate how an alternative affects
performance of the flood control system as a
whole.

Results of the levee removal alternative

illustrated that all rrmdel results which determine
a stage and dkcharge reduction are extremely
dependent upon assumptions regarding floodplain
use and flow roughness. Results of the 25-year
notch and runoff reduction alternatives ilhsstra~d
that timing of levee failtwe combined with tribu-
tary inflows altered the time at which peak Wges

and discharges occurred.

Economic Lessons. For the portion of
damage affected in the modeling, conclusions
about the desirability of implementing any alter-
natives should include a study of all potential

flood events that would be affected. Flood
damages not affected by the alternatives modeled
in this assessment will require the same type of
analysis indicated by these assessment results.
Determination of site specific and systemic
flooding expectations over a wide range of eventa
over time is needed for structural remedies, and
improvement in policy and program measures

such as those dkcussed in Chapter 7 is needed for
nonstmctural remedies.

Environmental. Natural areas do not
generally benefit from manipulation such as flnod
control. A river ecosystem is an open, dynamic
system consisting not only of the open water of
the main channel, but of shallows, secondary
channels, cutoffs, backwaters, wetlands, and
riparimr woodlands. Flood control measures,
such as levees, dams, arrd charmelization, isolate
rivers from their floodplains and alter the natural
flood regime allowing non-riparian invaders to
become established, decreasing the organic
nutrient base of rivers, decreasing habitat diver-
sity, secluding fish from ancestral spawning and
feeding areas, and disconnecting hydraulic con-
nections between wetlands and the main channel.

Periodic flooding recharges the nutrient base
of the floodplain as well. In areas where annual
flooding is allowed to occur unhindered, the
bottomland farm fields are rich and require little
supplemental fertilizer. A problem that arises
from artificial fertilization is nutrient loading,
which accelerates the growth of algae which
deplete the dissolved oxygen levels essential for
a healthy fishery. This fact illustrates the impor-
tance of ripariarr wetlands as filtering systems. In
conclusion, the most environmentally beneficial
alternatives include those which restore the
natural fmrctions of the floodplain to its original
(unaltered) state.

Cultural. In all cases, it will be neces-
sary to conduct surveys to determine the exact
(or, in this case, even approximate) impacts to
significant sites. There have been very few

surveys conducted along the existing levee
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alignmentsand even fewer in the floodplain.
Significant sites exist in the floodplain zone
(steamboat wrecks, early Euro-American settle-

ments) and in the uplands (prehistoric villages,
burial mounds, Iithic quarries). Once an alter-
native is selected, an inventory of the sites would
reconducted, Following theinventory, sites with
potential significance would have to be evalmted
for National Register status. Anysigniticant site
would then be considered in terms of impacts.
Adverse impacts would need to be mitigated.

Omaha District Summary

Scope of Economic Impacts. It is
important to point out that each alternative mod-
eled changed impacts only at the margin from
what was experienced in 1993, What was mod-

eled inthese ahematives affected onlythe over-
bank flooding from the main stem system.
Included in tbe base conditions, and not changed
by these altemative~ was damage due to interior
pending, most tributary flooding, and agricultural
damage due to excess precipitation. Generally,
because of the main stem dams, all agricultural
damage above Omaha was caused by excess
precipitation or flooding on tributaries,

Several of the alternatives would reduce
the impacts of a flood similar to the 1993 event,
although damages that would have been pre-
vented in 1993 were, in each case, less than the
cost of implementation for that alternative.

Pumping of all interior pending behind the
Federal levees in Omaha District would not have
beenfeasiblein 1993.

Damage that would have been prevented in
1993 in Omaha District by any of the engineering
alternatives would not have been sufficient, in
and of itself, to pay for that alternative based on
this single event, but may have merit if examined
in more detail from the perspective of average
annual benefits and costs covering a range of
events.

Kansas Citv District Summary

Summary of Removing Agricultural
Levees. The change in Government expenditures
and reduction of risk impact categories would
have been minimal. A positive aspect of levee
removal is that there could have been approxi-
mately 13,000 additional acres of established
forested and non-forested wetlands within the
lower 500 miles of the Missouri Rher floodplain.
It must be understood that the trade-off for this

environmental benefit would be the loss of crop
production.

Summary of Levee Setback in Case
Study Area. Although there is an increase in
acres flooded riverward of the levee, there is a
larger decrease in acres flooded Iandward of the

setback alignment. Changes in the 1993 flood
stages and other hydrologic changes are negli-
gible with this alternative.

Summary of Uniform 25-Year Height
for Agricultural Levees. The alternative of
having a uniform 25-year level of protection for
agricultural Icvees would have reduced damages

approximately 20 percent in the agricultural
sector, with modest reductions in urban damages,

Summary nf Raking Levees to Prevent
Overtopping. Raising levees and floodwalls to
protect against the 1993 flood would have signifi-
cantly reduced damages in both the urban and
agricultural sectors and reduced the critical
facilities and communities at risk. The cost of
this action alternative would easily exceed $2.5
billion in the Kansas City Dk.trict,

Summary of Alternative Withnut
Federal Reservoirs. If the Federal reservoirs
had not been in place prior to the 1993 flood, the
urban damages would have increased in the range
of 500 percent, because urban levees in the
Kansas City area would have been overtopped.
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Summary of 500-Year Protection for
Urban Areas. The 1993 flood on the 25-mile
reach of the Minnesota River being used as an
impact study reach in the St. Paul District was

approximately a 50-year event. The existing
urban levees along this designated impact reach
of the Minnesota River at the communities of
Mankato and Henderson provided an adequate
level of flood protection in 1993 and thus would
have had no measurable beneficial impact rela-
tive to the 1993 event because of the lack of
damages experienced at these locations. The
added protection at this location would have had
no systemic impact on the hydraulics of the river
with respect to the 1993 event.

Summary of Removing Existing Reser-
voirs. Removing reservoirs on the Minnesota
River would have had no effect on Mississippi
River stages in the St. Paul District for the 1993
flood. In the long term, the “no reservoir” alter-
native would likely result in changes in kind use
in the Minnesota Rker floodplain because of
increased frequency of flooding. In annually
flooded zones, this would likely cause agri-
cultural land to revert to a natural condition.
Farming would continue in other areas depending
on various Department of Agriculture incen-
tive/price supportldisaster payment programs.

Summary of Reducing Upland Runoff
by 5 and 10 Percent. The corresponding hy-
draulic model outputs for decreasing the rrmoffs
by S and 10 percent, respectively, in 1993 flood
stages for most locations along the Minnesota
River downstream of Mankato, and the Mksk-
sippi River from the Minnesota River confluence
downstream, are on the order of 0.5 foot for the

5 percent reduction, and 1 foot for the 10 percent
reduction. Given the absence of significant flnod
losses in these areas during the 19;3 flood, little
to no benefit would be realized. However, for
larger events in the St. Paul District area, these

I alternatives could have measurable benefits.

Although Upland Retention alternatives do not
indicate major changes in floodplain impact

categories, there are significant changes that
could result throughout the watershed-floodplain-
river system depending on the type of retention
measured used.

To attain a 10 percent reduction of the

1993 flood would require a rough estimate nf 2.5
million acres of restored wetlands in the St. Paul
District. A realistic appromh to upland retention
would likely consist of several programs that
consider conservation practices, detention ponds,
wetland restoration, etc. to attain significant
upland water storage. It is likely that programs of
this magnitude would be required to meet such
rmroffreduction targets, but when viewed in the
context of the recent emphasis on ecosystem
management and interagency partnerships and
goal setting, benefits beyond simple flood storage
could make such programs feasible. Costs would
be high, but benefits would also be high.

Rock Island District Summary

Hydraulic/land use information identifies two
action alternatives as having the most potential
for reducing impacts from a flood such as the
1993 event. The alternative with the greatest
(and most obvious) potential impact reduction

appears tO be raising existing levees to heights
which would contain the 1993 flood without
overtopping or failing. This alternative would

drastically reduce damages of all impact catego-
ries. The second potential damage reduction
alternative is the removing of agricultural levees
(with its attendant purchasing of formerly pro-
tected floodplain lands and placing them in

natural usage). This action would, in effect,
remove damageable property (mostly crops and

agricultural structures) from the areas of flood
risk. Also, flood stage reductions from this
alternative would decrease imp~ts to many non-
agriculture damage categories. Implementation
of either alternative ia unlikely in view of the
enormous costs, the Federal budget austerity that
is now being projected for the future, and the
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significant orgarrized opposition that would be
expected.

Other Action Alternatives, such as Limiting
Floodfighting, Removing Agricultural Levees
(with land use remaining agricultural), and 25-

year Maximum Height Levees, appear to have no
net potential for reducing flood impacts. While
flood stages would be somewhat reduced for
these three alternatives, providing some minor
reduction in non-agricultural impacts, total area
flooded would increase dramatically.

Levees that held during the 1993 flood
due to design height or floodtlght, would be
limited, removed, or degraded by these altern-
atives. Total damageshmpacts, especially agri-
culture-related, would increase dramatically.

Alternatives that address removing or adding
reservoirs on tributary rivers, or revising existing
tributary reservoir operations, have minimal
impact on the mainstemMksksippiRiverflood

stages (1993 ). However, removing existing
tributary reservoirs would greatly increase flood
impacts to urbau areas on the tributaries.

Raking protection levels for urban areas asrd
priority critical facilities would, in general,
significantly reduce impacts to several non-
agricultural categories.

St.Lou is District Summary

The effect of several alternative agricultural
levee heights arrd locations were analyzed em-
ploying the calibrated UNET model developed
for the base condition. For each alternative, the
base condition UNET model was modified to
reflect geemetry chrmges required to simulate tie
effect on conveyance/storage within the model.
Calibration parameters determined in the base
condition were not altered for any of the altern-
atives. In reality, the alternatives alter conveyance
withirr a cross section by changing effective flow
area, land use, sediment deposition, mrd other
factors.

Of all the alternatives, removing all agri-

cultural levees (Alternative L) would have the
greatest impact on environmental resources. All

six impact categories would be affected. Sub-
stantial increases to wetkurds, fores~ public lands,
and percent floodplain inundated would be ex-
pected, as would positive yet unquantifiable
impacts to threatened arrd endangered species arrd
public recreation sites. The changes to all rc-
smrrce categories except percent floodplain
inundated are predicated on the environmental
work group’s assumptions that removal of agri-
cultural levees would lead to the conversion of 15
percent of all levee-protected agricultural lands to
forested/nonforested wetlands, mrd that these
“new” wetland areas would be acquired by the
Federal Government.

For the other eight alternatives that were

evaluated across all environmental impact categ~
ries, only one of the six envimrunental variables -
percent floodplain inundated - showed a change,
and this occurred for only three of these altern-
atives:uniform height agricrdhmd levees (Altern-
ativeN), raise agricultural levees (Alternative O),
mrd no upland reservoirs (Alternative S). Alter-
native M, raising all levees from the Missouri
River to Cairo, Illinois, would alSOaffect percent
of floodplain inundated, but no other environ-
mental variables were evaluated for this option.
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Ribaudo, M.O. 1989. Water Quality Benefits
from the Conservation Reserve Program. U.S.
Department of Agriculture, Agriculture Eco-
nomic Report No. 606.

Ribaudo, M.O., D. Colacicco, L.L. Langer, S.
Piper, and G.D. Schaible. 1990. Natural Re-
sources mrd Users Benefit from the Conservation
Reserve Program. USDA ERS Report No. 672.

9-61



~INGS (Chapter 9)

GENERAL

9-a) The hydraulic roatings performed as
part of tlds assessment for the alternatives of
removing reservoirs and removing levees ver-
ified that existing reservoirs and levees pre-
vented considerable damage in the 1993 flood.

9-h) Without a detailed analysis of expected
cos~ and benefits over time, it is impossible to
determine whether a particular alternative is

appropriate for a particular site.

9-c) Benetits for one site are usually achieved

partly by costs to another site. A system-wide
analysis is necessary.

9-d) One of the biggest sensitivities of results
is to loss, or gain, in value of land due to
chaugea in levels of protection, with indica-
tions that these could be very large numbers.

9-e) This assessment was uot able to address
combinations of alternatives, but further
analyses may be warranted for combhiations
such ax

- Removing or setting back agricul-
tural levees downstream of a community as a
viable option to building higher urban levees.

- Removing agricultural levees in
combhation with Iocafized protection of
developed areas or floodproofing within the
currently leveed areas.

- Reducing uplaud runoff in combina-
tion with minor impruvementa to an existing
levee to achieve a higher and safer level of
flood protection.

(The project costs in the above cases
would include equitable compensation to those
in the formerly leveed areas who would have
increased risk of flooding.)

AGRICULTURAL LEVEES

9-I) Alternatives such as Limiting Flood-

tlghtiug, Removing Agricultural Levees (with
land use remaining agricultural), and 2S-year
Maximum Height Leveea, appear to have little
net potential for reducing flood impacts.
While flood stages would be somewhat re-
duced for these three alternatives, pruviding
some minor reduction in non-agricultural im-
pacts, total area flooded would increase dra-
matically.

9-g) Preparation of a fully coordinated and
comprehensive plan for conducting future
floodlight efforts, which includes consider-
ation of when to cease or limit Corps tlood-
fight assistance, would be a valuable tool for
improving future flood responses.

9-h) The estimated costs are $5.6 billiou for
raising all agricultural levees to contain the
1993 flood in just tbe St. Lads District. While
virtually all of tbe agricultural levee damage
would be preveuted, much of the urban flood
protection would be placed at risfG and sub-
stantially more of the unprotected urban
development in the city of St. Louis, St. Louis
County, and St. Charles County would be
more severely damaged. Approximately 60
miles of unprotected Mississippi River flood-
plain below St. Louis, with many rural and
suburban communities, would also suffer
substantially increased flood damages.

9-i) The levee setback case study illustrated
that setbacks of a particular Omaha District
Federal levee would have prevented overtop-
ping of that levee during the 1993 event.
However, levee setbacks were also shown to
have undesirable consequences such as major
losses of agricultural beuefits over the fife of
the project. If levee setback distance is such
that the levee no longer overtops, results
showed that a downstream rise in flow and
stage is caused at the uext river constriction.
It is also possible that increased vegetative
growth betweeu the levee and river would
increase roughness and offset some effects of
the levee setback. In addition, negative im-
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I

pacts to interior drainage would include a
longer ontlet channel to discharge into the
river, requiring increased maintenance dne to
siltation.

9-j) Adopting a standard 25-year level of
protection for all agricultural levees prior to
the 1993 flood event wonld have resnlted in an
average stage reduction of about 3.5 feet on
the middlelnpper Missiwippi River and about
2 feet on the Missonri River near its mouth.
This decision would require implementation
fnnding in tbe billions of dollam for structural
modifications and real estate interests and
would have reanlted in significantly increased
1993 agricultural flood damages.

9-k) Interior pending behind levees is a con-
siderable problem for all flood events bnt is
of particular significance in a large flood, with
bea~, prolonged regional precipitation like
that experienced in 1993.

I
CHANNELIZATION AND URBAN LEVEES

9-1 There is great potential for significant
flood damage in the older established cities
with extensive unprotected infr-astrncture
investments in tbe floodplain and critical
facilities that, if flooded, could release barmfrd
substances into tbe river.

UPLAND RETENTION/WATERSHED
MEASURES

9-n) The ability of reservoirs to hold back
very large volumes of rnnoff and thus sub-
stantially reduce downstream flooding was
once again proven by tbe 1993 flood event.

9-o) Althongb upland retention alternatives
do not indicate major changes in floodplain
impact categories, significant changes could
result throughout the watershed-floodplain-
river system depending on the type of reten-
tion measures used.

9-p In some situations, reservoirs maybe the
most cost effective and low risk means of
reducing flnod stages on major rivers; bow-
ever$ site availability and environmental con-
cerns generally make this option non-imple-
mentable.

9-m) Tbe 100-year level of protection often
provides a false sense of security. Tbe Ches-
tetileld-Monarch area, located near St. Lnuis,
experienced $520 million damages in 1993
despite 100-year private levee protection.
Also, providing a levee with only a 100-year
level of protection in an urban area allows for
unrestricted development within tbe protected
area. When the 100-year flood event is ex-
ceeded, the resulting flood damages and poten-
tial for loss nf life could be catastrophic.
Consideration should be given to snch possible
conseqnencea of exceeding the 100-year flood.

9-63

(The matrix tables for evaluation of altcma-
tivcs considered in this chapter are provided on
the following pages. Footnotes supporting some
of the cell entries are provided in Attachment 5 of
the main report. Further discussion of the evacua-
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Table 9-20

ACTION ALTERNAllVSS
KANSASCITY DISTRICT

A B L N o s

[1] Economic impacls collected only at the munty level

9-65



Table 9.21

ACTION ALTERNATIVES
St. Paul District

A B B B“ P s Vw
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CHAPTER 10- OTHER SEPARATE ISSUES INVESTIGATED

General

Some of the issues raised through the
originally speciiied objectives or comments
received were not readily addressed through the
evaluation fmmework which mrafyr.cd a wide
army of alternatives. These issues have been
investigated separately and are. reported on in
this chapter. Theissues addressed here include
the following:

1) Examine differences ia Federal cost
sharing for construction and maintenance of
flood control projects on the upper rmd lower
Mississippi River system. (page 10-2)

2) Is the responsibility for repair of flood
damage tolevces consistent and fair? (page 10-
6)

3) How would the damages prevented
due to rcservnirs have been affected if wet
antecedent conditions hed used most of the
storage nn the Missouri River? (page 10-8)

4) Arc bridge constrictions a significmrt
factor affecting flood steges? (page 10-11)

5) Are them inconsistencies between
States in the administrating of floodplain rcgula-
tinns? (page 10-13)

6) Do flood control prnjccts induce
development in floodplains? Arc the effects of
induced development preperly accounted for’?
(page 10-17)

7) What are. some measures that could be
taken to prnvide more sophisticated river model-
ing? (page 1O-28)

8) Are Ievees considered to be part of tbe
navigation system? (page 10-29)

9) Evaluate the impact of navigation
projects on flnoding, including effects of sedi-
mentation inpools.(page 1O-31)
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1). Examine differences in Federal cost shar-
ing for construction and mainteaaace of flood
control projects on the upper aad lower
Mississippi River system.

BACKGROUND

The primary Federal construction agencies
for water resources projects such as levees and
floodwells have trachtionally been the Corps of

Engineers (Corps) mrd the Soil Consemation
Service (SCS). More recently, these Federal
agencies have beenjoinedby the Federal Emer-

gency Management Agency (FEMA), theEco-
nomic DevelopmentAdministration(EDA) and
the Department of Housing arrd Urbarr Develop-
ment (HUD) in the repair of non-Federal levees
dmnaged by the 1993 flood, andintheconstruc-
tion of new or improved levees as a result of
that flood. The analysis herein is focused pri-
marily on the 1993 flood arrd the main stem of
the upper and lower Mississippi River.

Some of the agencies mentioned have not
used the same eng”meering standcrds or methods
of economic and environmental analysis in

crmying outtheirprogrcnrs. Thedifferencesrcst
with the purposes of those programs and the

vWing nature of the levees. Most agencies arc.
not concerned with the need for consistency

between other agency programs because they
only are responsible for administering programs
as determined by Congress or as delegated
within narrow guidelines. Nevertheless, these
differences cause confusion among those dealing
with the multiple programs. In addition, cost-
sharing differences exist between the programs
of different Federal agencies, which encourages
non-Federal sponsors to shop around for the best
Federcl deal. Maoy instrarces exist where levee
repairs by one or more Federal agencies were
considered inappropriate only to be done later by
another Federal agency,

The differences in Federal cost sharing for
constmction and maintenarrce of Corps flood

control projects on the upper aed lower Missis-
sippi River system originate from fundamental

differences in the character of the river which
are reflected in the rationale for Congressional
authorizations for the upper arrd lower river.
The lower Mississippi River system is focused
on a system that serves both navigation and
flood control needs. On the other haad, the
Congressional authorizations for the upper
Mississippi River system require the Corps nf
Engineers to study navigation aad flood control

projects individually aad sep=tely aad to
pursue independent project(s) just~lcation.

The drainage mea of the Mississippi Rker
at St. Louis is 697,400 square miles, 76 pemcat
of which (529,400 square miles) is accounted for
by the Missouri Rbfer arrd 24 percent of which
(168,000 square. miles) is drained by the upper
Mississippi River. The geomorphology of the

upper Mississippi River leads to the recognition
that a middle Mississippi River reach must be
differentiated from the upper Mississippi River
for reasonable analysis purposes. This difference
exists for several reasons, including: flooding
differences due to the drcinage areas of the
Missouri River versus the upper Mississippi
River as described previously; the upper Missis-
sippi River upstream of St. Louis is generally
confined within a more narrow bluff to blnff
arcq aad the navigatiori locks, dams, and pools
upstream of St. Louis on the upper Mississippi
River essentially confine the river to a relatively
welldefined normaf channel. Consideration also
needs to be given to two signitlcaat characteris-
tics of all post major floods at St. Louis: (a)
they have been produced by intense aad pro-
longed rainfall in several States over watershed
areas well upstream from St. Louis; end (b) the
preponderarrce of the flow of the Mississippi

River at St. Louis has been contributed by the
Missouri River. This latter characteristic can be
noted as far back as the 17th century !kom obser-
vations made by Marquette and Joliet during
their exploratory trip down the Mississippi River
in the summer of 1673, at which time the Mis-
souri River was discharging large quantities of
water into the Mississippi River.

10-2



The flood control projects on the middle
Mississippi River (St. Louis to Cairo, Illinois)
rmd a portion of the upper Mississippi River
have been pursued under the auspices of the
Corps Lower Mississippi Valley Division
(LMVD) which is also responsible for the lower
Mississippi River system. A more uniform

system of agricultural and urbau flood control
projects exists for the middle Mississippi River

than for the upper Mississippi River, For exam-
ple, all of the Federal agricultural levees frem
Alton to Gale, Illinois, in the middle Mississippi
River area have a uniform 50-year design eleva-
tion. The Federal urban projects in the St. Louis
metropolitan area have a uniform 500-year
design elevation. It is recognized that full

consideration must be given to the economic,
social well-being, safety, and environmental
consequences (including residual risks) in deter-
mining the appropriate sizing of levee and
floodwell projects. The various project design
elevations which maximized net tangible national
benefits were not recommended for the projects
mentioned, in order to obtain the benefits asso-
ciated with uniformity of flood fighting activities
and area-wide Federal system conformity.
Furthermore, the possibility of local or regional
levee height competition (for example Missouri
versus Illinois, or one community against another
even within a common metropolitan area) was
avoided by adoption of uniform agricultural and
urban Federal flood control project design staa-
dards.

A summag of the differences in the Corps

approach for the lower arrd upper Mkskippi
Rivermain stem follows. The Corps approach
to water resources planning for smaller tributary
streams is basically the same for upper and
lower Mississippi River areas.

(l). Lower Mississiuui River and tribu-
taries svstem. The lower Mississippi Rker and
Tributaries (MR&T) flood control project was
authorized in 1928. Section 2 and portions of
Section 6 are reproduced as follows:

Section 2. “That it is hereby declared to
be the sense of Congress that the principle of
local contribution toward the cost of flood-
contml work, which has been incorporated iu all
previous national legislation on the subject, is

sound, as recognizing the special interest of the
local population in its own protection, and as a
means of preventing inordinate requests for
unjustfled items of work having no material
national interest. As a full compliance with this
principle in view of the great expenditure esti-
mated at approxim ately $292,000,000, heretofore
made by the local interests in the alluvial valley
of the Mississippi River for protection against
the floods of that rive~ in view of the extent of
national concern in the control of these floods in
the interests of national prosperity, the flow of
inter-state commerce, and the movement of the
United States mails; and, in view of the gigantic
scale of the project, involving flood waters of a
volume arrd flowing from a drainage area largely
outside the States most afTected, and far exceed-
ing those of mry other river in the United States,
no local contribution to the project herein adopt-
ed is required.”

Section 6. ..... work on the Mississippi
River between Rock Island, Illinois, and Cape

Gkardeau, Missouri, and on such tributaries, the
States or levee districts shafl provide rights of
way without cost to the United States, contribute
33-1/3 per centam of the costs of the works, and
maintain them after completion ....” Subsequent
legislation has generally established a minimum
75 percent Federal and 25 percent non-Federal

cost sharing requirement for construction of
Corps local protection flood control projects.

As a result of the Congressional directives,
the MR&T is an integrated system that provides
comprehensive flood protection to an area of
over 23,000 square miles, and also inseparably
provides dependable navigation on the river.
The system-wide flood control approach is based

on the fact that: major floodwater affecting the
area originate primarily from many States and
two Canadian provinces; flooding durations
resulting frum such a large drainage area am
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measured in several months rather than days; crrd
the lower river requires stabilization to prutect
the levees aud msintcin an adequate navigation
channel. All components of the lower Mississip-
pi River system act together to provide flood
protection errd navigation on the river.

(2). Middle mrd Umrer Mississippi
~. The upper Mississippi River is the area
upstream of the Missouri River at St. Louis. All
navigation Incks snd dcms are located in the

uPPerMississippiRiverarea,exceptforLOck 27
which islocatedabout10 milesdnwastrccnr of
the mouth of the Missnmi River on the Chain-
of-Rocks Canal. As discussed previously, the
Mississippi River upstrecas of St. Louis is not
characteristic of the river between St. Louis rind
Cairn, Illinois, Therefnre, the following discus-
sion focuses primarily on the middle Mississippi
River because of its similmity tn the lower
Mississippi River mrd the differences from the

upper Mississippi River (above St. Lnuis).

Currently, flood control and navigation
projects on the middle (snd upper) Mississippi
River arc justified, authorized, mrd constmcted
independently of nne mother. The varinus
Cnngressionnl authorizations for the middle (aud

upper) Mississippi River flood control projects
generally require 25 percent nnn-Federal cost
sharing for construction, with operation and
msintencnce costs 100 percent non-Fedeml.
Historically, constmction and ongoing operatinn
and maintenance costs for navigation projects
were considered to be 100 percent Federsl.
Currently, for new genercl navigation projects,
the costs are shared 50-50, with the non-Federal
costs supplemented with contributions frnm the
bcrge industry through user taxes on fuel, The
cost sharing for multiple-purpnse reservoir
projects that include flnod control rmd/nr naviga-
ting as a project purpose fnllow the specific
Congressional authorizing requirements, which
generclly follow the provisions of the 1936
Flood Control Act.

A system of urban snd agricultural levees
was authorized mrd constmcted en the middle

Mississippi River between St. Louis mrd Csim,
Illinois. The flood control design for the middle
Mississippi River seach wss established tlnm
hypothetical flood studies mrd tknm estimiied
actual events. The estimated peak dischsrge of
the 1844 flood was used as MS “urban design
fluod” tn unifonnIy size the Ieveedloodwalls fnr
the metropolitcsr St. Louis area. Rccmrt study of
the 1844 event has showrr this peak discharge to
be severely overestimated, with so sctusl esti-
mated value of about 900,000 cubic feet per
second (cfs). The 2 percent msnusl chsnce (50-
yesr) flood wes selected for uniform system
design of the agricultural levees. At the time of
analysis, the 1844 peak dischcrge (estimated as
1,300,000 cfs) wss believed to be the 0.5 percent
annual chance (200-year) flnnd event. Wkh the
addition nf the many upstream Federal flood
control reservoirs, primarily on the Missouri
River system, the cmrual risk of thk peck dk-
charge is now estimated to be no more thins 0.2
percent (500-year average recurrence interval).

ANALYSIS

The MR&T system, ss originally conceived,
extended north to Lock mrd Dsnr 16 on the
Mississippi River. Funding, hnweve.r, has been
provided nnly for major improvements below
Cairo.

The Congressional authnrizstion for the
lnwer Mississippi River required the Cnrps to
establish a coordinated least enst (most ccnnomi-
cal) flnod cnntmlhsavigation system at essentially
100 percent Federal cost. One reason for the
high Federal cost wss that the levees existing at
the time of Congrcssinnal authorisatinn hsd all
been constmcted at 100 percent non-Federel cost
(see Section 2 nf the Flood Control Act nf 1928

as previously quoted). The middle end uppas
Mississippi River flnod control program was
pursued at various times later. Historically, the
non-Federrd contribution consisted of prnviding
the lauds, essements, asrd rights-nf-wsy and other
requirements nf the 1936 FIoed Contrnl Act.
Currently, the cost shcrirrg fnr new projects is
besed on the Congrcssinmd authorization which
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generally requires 25 percent non-FederaI con-
struction cost shoring and 100 percent non-
Federal operation and maintenance costs. The
lower Mississippi River system is authorized to
exercise a greater FederaI role and cost sharing
for the various reasons mentioned previously.

An estimate has been prepared to approxi-
mate the constmction costs of a system for the
middle Mississippi River that would match the
level of protection atTorded by the MR&T
project. If these levee roises were. to occur for
the middle Mississippi River, peak flows would
increase flood stages up to mrd including the
MR&T project flood level in the vicinity of
Caire, Illinois. The evaluation of these potential
impacts is complex and beyond the scope of this
assessment. However, any futrrre studies that
consider changes in the present middle Missis-
sippi River levee system should inchsde the
evaluation of these downstream effects. The
costs to raise all agricultural and urbars levees ia
the middle Mississippi Rker am estimated to be

approximately $5.7 billion. This analysis is not
intended to imply that such expenditures would
be economically justified. Full consideration
would need to be given to all the economic,
social well-being, safety, and environmental
consequences (including residual risks) isr deter-
mining the desirability of raising the existing
middle Mississippi River levees and floodwells.
The costs for this system have not been prepared
ia detail arrd am thus only a “ballpark” estimate
of the costs necessmy to previde a uniform levee
flood protection system equivalent to that which
exists on the lower Mississippi River. If this
project were constmcted and properly main-
tained, the middle Mississippi River navigation
channel alignment would be further stabilized.

From a hydraulic and geomorphologic point
of view, the relative effects asrd interrelationships

of the Mississippi River waoting to create a new
channel or occupy en old abandoned chaarrel of
geologic origin. Geomorphologic studies of the
Mississippi River above Cairn and the etlemrath
of the 1993 flood have idmstiled several areas
with the potential for major river cutoffs and the
creation of new chaanels. Adequate river eagi-
nccring data exists to preclude using the word
“stable” to describe natural conditions in the
open river reach of the middIe Mississippi River
(Cairo to St. Louis).

FINDINGS:

lo-a) The upper Mississippi River, above tbe
Missouri River at St. Louis, exhibits charac-
teristics considerably different from the mid-
dle and lower Mississippi Rk’er, due to a
relatively narrower floodplain and to a rela-
tively stable channel alignment that is well
defined by existing navigation locks, dams and
pools.

10-b) The middle Mississippi River (St.
Louis to Cairo, Illinois) is subject to flood
events with greater dkcbarge than the upper
Mksissippi River (above St. Louis).

1O-C) Extending the lower Mississippi River’s
system approach upstream throughout the
middle Mksissippi River for a dual flood
control and navigation purpose is
engiaeeringly feasible, but would require
specific Congressional direction and may not
be economically feasible because the estimated
costs are approximately $5.7 billiun.

I of levees and channel improvement works on
Mississippi River navigation may wuy in propor-
tion above arsd below Cairo, but they are signifi-
cant in both reaches. Areas around Ste.

I

Genevieve, Red Rock, Miller City sad DIY
Bayou (all above Cairn) are dramatic examples
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2). Is the responsibility for repair of flood
damage to levees consistent and fair?

BACKGROUND

The 1993 flood damaged about 1,600
levees, of which about l,400werc non-FederaL
Less tbarr 500 of these levees are under the
Corps emergency repair prngram, and of these,
229 were Federally constructed. Mmry of the
levees that had previously been under the Corps
program were not under it at the time of the
1993 flood for various reasons including: failure
to operate and maintain tbe levee in accordance
with Corps requirements; individual decisions
not to participate; lack of, or the loss of, a public
sponso~ or an inability to meet the required
engineering criteria. In 1993, a total of 199
levees were approved for repair.

Because of the seriousness of the 1993
flood, mrd the fact that less tbarr 15 percent of
the non-Federal levees that were damaged quali-
fied for repair under Public Law 84-99 Emergen-
cy Repair Program (administered by the Corps),
the Administration and Congress provided sup-
plemental fundirrg for levee repair and relaxed
the eligibility criteria. The Administration mrd
Congress stipulated that levee districts or spon-
sors would have to meet the following require-
ments to receive funding:

(a). agree to join the Corps progrma;
and,

~). witiin 2 years, provide public
sponsorship that would ensure levee maintenmrce
and that would meet engineering, environmental,
and other eligibility requirements of the Corps
program,

ANALYSIS

The responsibility for levee repair is not
consistent and varies considerably between
Federal agencies as does tbe required local cost
sharing, These inconsistencies exist for various
reasons including congressional action arrd laws,

Furthermore, during and after the occurrence of
a major flood declared to be a national disaster,
all local responsibilities can be adjusted .by
agency rule making or by executive order.

The differences in levee repair criteria
became apparent during and after the 1993 flood
as local sponsors and elected otlicials applied for
help to various agencies aad learned they could

shop for tbe best derd. The following brief
comparison of the Corps, Soil Conservation
Service (SCS), and the Federal Emergency
Management Agency (FEMA) requirements
shows how the responsibility for levee rehabilita-
tion varies among Federal agencies,

(1). CORPS. The Corps requires 20 per-
cent local cost share for projects under the Corps
Public Law 84-99 program, but no locaf cost
share for federally constmcted levees. Generrd-
ly, Ore Corps uses procedures based on Principles
mrd Guidelines (P&G established in 1983) for
determining eligibility for cost sharing,

(2). SCS. SCS requires a 25 percent local
cost share for like restoration work. The SCS
does not use Principles and Guidelines (P&G),
but evafuates whether a preject has economic
defensibility for determining if a project is
eligible for assistance. It is importmrt to note
that neither the Corps nor the SCS is required to
use P&G criteria, but each agency makes its own
determination. The SCS believes that Congress
determines criteria by establishing the work as
emergency mrd the agency must only assure that
what is protected has a value which exceeds the

cost. The Corps has determined that the full
rsrrge of P&G criteria should apply; therefore,

the Corps criteria is more stringent.

(3). FEMA. When the President declares
a national disaster, FEMA requires a 25 percent
local cost share for restoration under tfre Stafford
Act unless changed by the President. During the
1993 Midwest flood, the President changed the
FEMA local cost share requirement to 10 per-
cent.
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FINDINGS:

10-d) The responsibility for repair of levees
is not consistent between various Federal
agencies.

10-e) It is the intent of the Corps of Engi-
neers to apply its levee erosion repair policies
in a consistent manner throughout the United
States.
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3). How would the damages prevented due to
reservoirs have been affected if wet anteced-
ent conditions hnd used most of the storage on
the Missouri River?

Analysis was performed to assess the effect
of reservoir storage on peak flow rates during
the 1993 event for the base and wet antecedent
conditions. Within the Omaha District, major
Federal reservoirs include the six main stem
dams on the Missouri River upstream of Gavins
Point Dam at river mile 811.1. The Missouri
River Division Reservoir Control Center (RCC)
annually computes the without reservoir
hydrography at Gavins Point Dam based on
muted upstream inflows. UNET modeling was
performed employing the without reservoir flow
hydrography computed by RCC for inflow into
the model instead of the ncturd 1993 reservoir
releases. All other parameters were unchanged
from the base condition, The without reservoir
hydrography computed by RCC at Gavins Point
did not contain any large peaks flows during the
1993 event. Discharge generally varied from
60,000 to 90,000 cfs for a 3-month period.
Essentially, the without reservoir hydrography is
equivalent to adding substantial baae flow to the
Missouri River for the 1993 event, Refer to the
1993-1994 Missouri River Main Stem Reservoir
Annual Operating Plan report for details regard-
ing system inflow, pool levels, and operation of
the main stem reservoirs.

An extended drought occurred in the upper
Missouri Rker baain from 1987 through 1992.
Early in 1993, reservoir pool levels witbin the
six main stem reservoira were at record low
levels since 1967 when all the reservoirs were
first filled to their normal operating pool levels.
During the 1993 flooding on the Missouri and
Mississippi Rivers, the Missouri River main stem
reservoir system stored a significant volume of
rnnoff. Gavins Point Darn released minimal
flows well below normal releases for the flood

period in order to alleviate downstream flooding
to the extent possible.

A. Revise 1993 Reservoir Releases

Dnring the July 1993 peak flooding period,
reservoir releases from Gavins Point averaged
8,000 cfs. Release volume frum Gavina Point
totaled 2.06 million acre-feet from June through
August 1993. Reservoir release rates wme-

sponded with minimal rdeaaes required for
downstream water uses. The minimal flow

released from Gavins Point Darn had no effect
on downstream flood levels. Further reduction
of reservoir releases during the 1993 flood event
would not have been practical or beneficial

B. Antecedent Conditions

An analysis was performed to evaluate
reservoir releases of antecedent conditions in the

upper Missouri River for the following condi-
tions: 1) reservoir pools at or near normal levels
at the start of the 1993 flood; end 2) if condi-
tions had been such that the reservoir pools were
at the base of exclusive flood control pool
elevations.

1. Normral Conditions. Normal anteced-
ent conditions were assumed to be represented
by reservoir pool levels at an average end of
month pool elevation for May instead of the
lower 1993 levels which were due to drought
conditions. At normaf May end of month pooI
levels, there is approximately 14.7 million acre.
feet of available storage in the six reservoirs.
This would have been sufficient capacity to hold

almost all of the 13.5 million acre-feet inflow
into the reservoirs during the period June
tbruugh August 1993. At the lowest reservoir,
Gavins Point, excess irrilow from the Niobrara

River would have been witbin what was released
during the 1993 operation of the reservoirs.
Table 10-1 lists normal pool elevation compared
to actual 1993 pool elevations for the end of
May. Although operation procedures may have
varied slightly, analysis determined that the
excess inflow into Gavins Point would have been
less than the volume released during the actual
1993 operation of the reservoirs. Therefore,

additional releases in 1993 would not have been
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required if iaitiel pool levels heel been at nonnel
levels.

2. Wet Conditions. Extremely wet
antccedeat conditions were assumed to be repre-
sented by reservoir pool levels at the exclusive
flood control pool elevation. Assuming all six
reservoir levels at the exclusive flood control
pool level constitutes a rare event. Ia the 27
yeers since eII the reservoirs were tilled to their
norrnsl operating pool, the end of month Mey
pool elevation at every one of the six mein stem
reservoti has been below tie elevation of the
exclusive flood control pool. If antecedent
conditions had been such that only the exclusive
flood control zune wes aveilable ie the main
stem Missouri River reservoirs, eueIysis deter-
mined that approximately one-third of the inflow
would have been captured by the reservoirs.
Following normal operation procedures, actual
1993 operation captared approximately 80
percent of the inflow. Although capacity to
store near 100 percent of the inflow was avail-
able, minimal releases during the summer of
1993 were. necessmy for dowustmmn water uses.
The no reservoir alternative modeled with LJNET
sssumed zere percent capture of inflnw. Reser-
voir releeses for extremeIy wet conditions me
bracketed between computed results for the base
end the no reservoirs alternative UNET mndels.

C. Summarv

Analysis was conducted to eveluate the
effect of reservoir releeses for different enteced-
cat conditions in 1993. Although operation
procedures mey have varied slightly, enelysis
determined that edditinnal releases would not
have been required if pool levels had beerr at
nonmd levels. Extremely wet antecedent condi-
tions were represented by pool levels at the
exclusive flood control zone. In this cese,

aPPmm ately one-third of the total inflow to tie
reservoir system would have been stored.
Downstmem impacts would be brecketed be-
tween the UNET model computed restdts for the
bese condition aad the no resemoirs sltemative.
The exarniaation of entecedemt conditions illus-

trates that, with the exception of extremely mm
circumstances, main stem Missouri River re.scr-
vou volume would USU811Yallow a release
schedule similar to the observed (mierimal) 1993
releases. Table 10-1 shows the maia stem
Missouri River reservoirs, the end of month pool
elevation for May, the SUP of exclusive floed
control pool elevations, end the totel storage
volume available.
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Table 10-1
Available Storage Based on tbe Average End of Month Pool for May

Missouri River Mnin Stem Reservoirs

Average May 31 Exclu- Totaf Totol Inflow
Main Stem EOM 1993 sive Storage Volume
Reservoir Pool for Pool Flood Volume Jun-Aug

May Eleva- Control Available’ 1993
(Ft @ tion Pool Top (Ac-Ft) (Ac-Ft)

M.S.L.) (Ft @ Elev.
M.S.L.) (Ft (@)

M.S.L.)

Fort Peck Dam 2236.7 2213.3 2250.0 3,110,000 3,460,000

Garrison Dam 1837.9 1822.9 1854.0 5,590,000 5,920,000

Oahe Dam 1608.2 1600.2 1620.0 4,080,000 1,900,000

Big Bend Dam 1420.5 1420.9 1423.0 148,000 110,000

Fort Randall Dam 1357.4 1355.7 1375.0 1,680,000 430,000

Gavins Point 1205.6 1206.1 1210.0 125,000 680,000

Dam

* Refers to the nvailnble storage volume between the May avernge end of month pool elevation aod the

top of the exclusive flood control elevation at each of tbe reservoira.

FINDING:

lo-f) On the Missouri River, additional
releases would not have been required if the
ponl levels had been at normal levels. There-
fore, there would not have been greater dam-
ages if wetter antecedent conditions had
preceded the 1993 flood.
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4). Are bridge constrictions a significant
factor affecting flood stages?

Most bridges spanning a river in the United
States are designed with an opening sufficient to
paas a flood discharge of an identified magni-
tude. Some bridge openings were sized by
empirical methods which reflect the local geo-
graphical conditions or another methodology
dependent on the designer’s experience. Older
bridges reflect the contemporary technology as
well os the economic conditions of the era.
Newer bridge designs recognize Federaf stan-
dards to control encroachments into a floodway.
More consistent and generic criteria have been
adopted which have caused an increase in the
amount of bridge opening that must be provided
to pass a given flood event without generating a
calculated measurable adverse impact on the
upstream community or surroundings.

All bridges, both railroad and highway,
which presently span the Missouri River channel
are theoretically sufficient to pass flood discharg-
es equal to or greater than a 100-yeor flood with
minor stage increases upstream. Unfortmrately,
this fnils in practice whenever a flood event
exceeds the upstream channel confinement and
the flood discharges are not contained to the
width of the bridge openings. That is, while a
100-year flood discharge might pass threugh a
particular bridge opening, only part of an actmd
100-year flood might pass beneath the bridge.
When a portion of the flood volume goes into
floodplain storage, and the roadway is on a low
fill embankment, water often overllows or
breaches the roadway and continues down the
floodplain. If roadway fill is high, a measurable
stage increase will occur at the bridge.

We can generally state that the water sur-
face downstream of the bridge and embankment
will immediately return to the stage or depth
normal to natural conditions. This is true for all
frequency of events that exceed flood stage.

During the 1993 flood, we observed condi-
tions similar to those described above at the
following locations:

O Prior to the breaching at the railroad

crossing near Rrdo, Nebraska,
0 I-635 above Kansas City, Missouri;
O At the railread crossing near Glasgow,

Missouri;
O 1.70 near Rocheport, Missouri; and

0 Highway 63 at Jefferson City, Missouri.

Where the Federal levees near St. Joseph,
Missouri, or through the metropolitan area of
Kansas City, Missouri, contined the 1993 flood,
we observed little to no measurable losses attrib-
utable to bridge or roadway embankments en-
croaching on the floodplains.

If no levees along the lower Missouri River
had failed, then probably a flood between the
25- and 10-year event would pass without any
attention being given to the effects of bridges
and or their readway embankments.

Among the numerous combinations of

bridge openings and embankments cressing the
Missouri River floodplain, each rdignment is

unique to the local topography and the a@nment
of the channel. Each configuration msuks in
part frnm the economic climate at the time of
construction. Because the slope of the Missouri
River is fairly steep, the backwater effects from
encroachment are not cumulative and dissipate
very rapidly. Natural encroachments are one of
the primary causes of increased flood stages nod
do accumulate effects upstream. However, in
bridge analysis, these encroachments are consid-
ered to be a natural part of the river’s environ-
ment.

Under present standards for a new bridge or
embankment in the floodplain, especially within
the designated floodway, each proposaf is hy-
draulically analyzed and examined against the
standards of several Federal as well os State and
local agencies before it receives all the necessary
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permits for construction. The hydraulic exerni.
nation uses the current physicel conditions end
assumes geotechniczl zzpects em not subject to
failure, In contrsst to these ezsumptions, the
Missouri Rhwr’s channel bed is constantly in
motion end will scour during a flood to accom-
modate increzses in stress, perticulzdy frem
velocity. As the cheneel velocity increeses, the
bed will degmde to SI1OWthe channel to trzns-
port a greater portion of the discharge. Dis-
charge measurements collected by the U.S.
Geological SMVey (USGS) show, prior to the
private levees feiling elong the Missouri River,
the chmmel capacity was eccemmodating some
90 to 95 percent of the total discherge at ahorrt
8.0 to 9.0 feet per second average velocity. This
variable tendency of the Missouri River bed
meens that stonderd bridge enolysis techniques
em more conservative when applied to Missouri
River bridges thee to streams where the chznnel
bed is more resistent.

Most hydraulic enelyses do not exenrine
exposed flenked conditions or changes in veloci-
ty. Federal Emergency Menegement Agency
(FEMA) criteria do not ZI1OWfor mry mezs.rable
increases in water surface eIevation within the

designated floodway. A computed chenge of
0.01 foot is FEMA’s guideline, which is much
less that cror be meezured accurately in the field.

In summery, Missouri River bridges associ-
ated with high medwey embankments mzy have
caused a beckwater effect in the 1993 flood.
Where they did occur, these effects were con-
fined to a short distmrce immediately upstrcmn
of the bridge, were not systemic or cumulative
elong the river, end were. generslly attributable
to unique local conditions. Modem methods for
bridge opening design or sizing of a constriction
tend to discount the potentiel for overbank flow
losses. Consequently, whatever losses mey be
ezsumed in the design represent the worst ceze,
end are probably less then losses that do exist
end yield some additional discharge higher then
the bridge openieg design.

FINDING:

lo-g) Even in an event as massive and wide-
spread as the 1993 flood, the effects of bridges
are essentially isolated and unique to each
bridge and its associated floodplain. Some
bridges designed to produce no increase in tbe
100-year flood profile did produce increased
upstream stages when they could not pass the
much larger 1993 flood flow, but the effect
was primarily localized.
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5). Are there inconsistencies between States
in the administration of floodplain regula-
tions?

INTRODUCTION

This section provides MS overview of the
floodplain management programs in eaeh of the
States witbin the Floodplain Management As-
sessment.

The descriptions highlight the differences
between States in the administration of flood-
plain regulations.

All of the States in this assessment had

floodplain roning regulations in place prior to
the “Flood of 93” that exceeded Natiossal Flood
Insnrauce Program (NFIP) minimum standards,
with the exception of Missouri. Model ordinomc-
es are developed by FEMA Regional OffIces and
by States to refleet any more restrictive State
standards or unique State administrative proce-
dures. FEMA minimum floodplain management
criteria at 44 CFR 60.3(d) limit increases in
flood stage when floodways am designated by
communities to no more than 1 foot. Several of
the States in the study area have more restrictive
surcharge limitations which FEMA raeegnizes in
its mapping. Once a floodway has been desig-
nated, obstmctions in that floodway cannot cause

~ increase in flood stage. Buildings must be
elevated or floodpmofed to the 100-year or base
flood elevation. The 1-foot freebomd also is a
more restrictive requirement of several of the
States. Ordinances do not typically address
protection requirements for stmctures built
between the 100-year and 500-year elevations.

Floodways are defined as the channel of a
river and that portion of the overbank floodplain

that carries most of the flood. Regulations
require that the floodway be kept open so that
floodwater can pruceed downstream and not be
obstructed or diverted onto other properties.

FEMA also defines two oeeaaions when

work on a structure is cmrsidered a substantial
improvement

an improvement made to a building that
exceeds 50 percent of the value of the
building; or

reconstruction of a building, the value nf
which exceeds 50 pement of the value of
the building before it was damaged.

If an addition to an existing building is a
substantial improvement, then the addition must
be protected from the base flood (100-year flood
elevation). If a reconstruction project is a snb-
stantiel impmvement, then the entire building
must be protected from the base flood.

COMPARISON

All of the States in this assessment currently
have floodplain zoning regulations that exceed
minimum NFIP standards, with the exception of
Missouri. Missouri does not curredy have any
sepsrate State-level Iegislatiun governing devel-
opment within floodways or the 100-year flood-
plain.

The Stata of Missouri has passed statutes

enabIirsg counties, incorporated towns and cities
to participate in the NFIP. Eighty-three percent
of the communities in Missouri that require
floodplain management programs currently have
programs that meet NFIP requirements. The
State has provided consistent review of ordinanc-
es, and when asked by local oflicials, the State
reviews permits, mitigation proposals and en-
forcement so that Missouri communities can gain
entrance or maintain eligibility for the NFIP
since 1980.

The States of Wiscunsin, Mimseao@ IOWA
Nebraak~ Illinois and Kansw have gone beyond
the minimum FEMA standards and have passed
their own legislation to govern development
within floodways and the 100-year floodplain.
Each State adheres to most, if not all, of the
following basic policies:
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restict development within floodways
(do not allow obstructions);

prohibit or discourage the development

Of hu~dOus waste facilities within
floodways;

require elevation on till or floodproofing
for stnrctares built within the 100-year
floodplain; and

require substantially improved .structares
to meet inning requirements,

The States of Illinois, Iowa, Minnesota mrd

Wisconsin take the restrictions on development
within floodways one step farther, stipulating
thatonly open spaceuses (agricultural,recre-
ational, etc.) be permitted in floodways, These

States, however, have strict provisions for the
construction of certain types of strictures within
floodways if they support an open space use rmd
meet construction requirements.

The States of Iowa. Minnesota. Nebraska.

such as gas, electical, sewer and water
supply systems located in the floodplain
be floodproofed in accordrmce with the
State Building Code or elevated above
the Regulato~ Flood Protection Eleva-
tion (RFPE). The RFPE is aa elevation
no lower than the 100-year flood eleva-
tion plus any increase in flood levels
resulting from the designation of flood
fringe areas. The Minnesota Department
of Natural Resources strongly encoumg-
es afl communities to also include at
least 1 foot of freeboard in their local
ordinance.

The State of Wisconsin prohibits the
placement of solid or hazardous waste
disposal facilities in flood fringe arms
(that portion of the floodplain outside of
the floodway, which is covered by
floodwater during a 100-year event).
Public utilities, streets and bridges in the
flood fringe must be adequately
floodproofed.

aad Wisconsin also exceed the NFIP minimum State floodplain zoning programs compared
requirements for the zoning of critical facilities. to the NFIP are summarized in Table 10-2.

The State of Iowa currently requires that
hospitals and like institutions; buildings

or building complexes containing docu-
ments, data or instruments of great pub-
lic value; buildings or building complex-
es containing materials dangerous to the
public or fuel storage facilities; power
installations needed in emergencies or
buildings or building complexes similar
in nature to these uses be protected to
the 500-year flood elevation plus 1 foot.
Wastewater treatment facilities, and
habitable residential buildings or indus-
trial facilities where flooding would
result in high public damages, will be
protected tn the 100-year flood elevation
plus 1 foot.

In Minnesota, local communities have
administrative rcspcmsibilities for assur-
ing that all public utilities and facilities
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Table10-2.StateFloodplainZoningPmgmrmthatExceedNFIPRequirements

I States I Fltiays I FloodFringe I Critid Facilities I

The floodplain management handbooks
published by the States of Minnesota and Illinois
to assistlocalcommunitiesin implementing

floodplainmanagementordinancesandprograms

oregoodexamplesofcomplete,conciseandeasy

toreadproducts.Thesehandbooksprovidestep-

by-stepproceduresforcommunitiesto follow
when establishingprogramsto meet NFIP re-

-,.,,. quirements.

ItisalsoimportanttonotethatStateflood-

plain zoning regulations are written at vmying
levels of complexity. Some State regulations
can be easily understood by Iaypersons, while
others require a regulato~ expert to provide
interpretations. The floodplain xoning regula-

tions published by the States of Minnesota and
Illinois are also good examples of understandable
products.

FINDINGS:

1(1-h) With the exception of Missouri, the
States studied under this assessment have
viable floodplain management programs.
Their floodplain zoning regulations are consis-
tent with those set forth in model ordinances,
and in some instances are more stringent.

The States of Iowa, Minnesota, Nebraska, and
Wisconsin currently exceed the NFIP mini-
mum zoning standards for floodway, 100-year
flood elevation, and critical facility siting and
protection.

10-i) Among the seven FPMA States, annual
funding to administer floodplain management
ranges from $35,000 to $1 million (1991); the
average is about $400,000.

l(t.j) The State of Missouri has focused its

efforts since the “Flood of 93” on acquiring
and relocating at-risk structures in the flood-
plain, giving it one of tbe most aggressive
programs reviewed. The Missouri program
will acquire or relocate 4,143 structures. The
State is also in tbe process of reviewing legis-
lation to implement a floodplain zoning ordi-
nance in an effort to establish a State-level
program.

10-k) The States of Illinois, Iowa, Kansas,
Minnesota and Wisconsin have also developed
aggressive acquisition and relocation pro.
grams to reduce the level of flood damages
experienced during the 1993 flooding. In
particular, Ilfinois, Minnesota and Wisconsin
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have created State-level programs to fund
mitigation activities.

1O-I) The State floodplain management pro-
grams reviewed provide a good framework
for regulating development within floodways
and the 100-year floodplain. They do not
provide guidance for the protection of resi-
dential and non-critical facilities located
between the 100-year and 500-year flood
elevations.

10-III) Federal agencies could be more effi-
cient in respondktg to disasters and funding
issues if standard procedures could be used,
which would also provide a framework for
State regulators to improve their programs as
a group.

10-n) Floodplain managers believe there is
much to be gained if existing Federal, State,
and local rules and regulations concerning
floodplain management, land use, and zoning
requirements were followed, even without
stricter Federal guidelines.
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6). Do flood control projects induce develop-
ment in floodplains? Are the effects of in-
duced development properly accounted for?

BACKGROUND

A major concern shared by agencies, organi-
zations, and interested observers in the atterm atb
oftbe Midwest flood of 1993 is the substaatiaI
amount of damage and other dismption costs aad
losses experienced by homes, businesses, public
buildings mrd facilities, utilities, aad thetrans-
portation network in locations that many as-
sumed to be protected from extreme flood risk.
Despite the expenditure of billions of dollars in
flood control and protection works acress the
Nation over the past 60 years, and the demon-
strated effectiveness of these works in preventing
losses tbat have paid for this investment many
times over, damages from major floods have
continued to trend upward in real terms (see
Floodplain Management in the United States: An
Assessment Reuort, Vol.2, 1992, PP. 3-18mrd
3-19).

This situation has led many to question

whether flood control works serve to induce
people, businesses, mrd public services to locate
in areas that remain subject to extreme flood
events mrd that would otherwise be avoided if
the flood protection were not in place. The
concern is that instead of reducing society’s
vulnerability to flooding over time, structural
flood protection projects may be inducing even
greater exposure to the risks of extreme floods.

This discussion will not attempt to qurmtfi
or estimate the flood damages that might be
attributable to induced development, with the
exception of the reporting of a specific example
(the Chestertleld Monarch levee in Missouri), but
suggestions are developed that would require a
more rigoreus consideration of these potential
losses in the planning and design of structural
flood protection projects.

It must also be appreciated that there is an
important historice3 perspective to be considered

in examining the issue of induced floodplain
development. Mmry communities in the Mid-
west were first settled based on their locations
along rivera, mrd subsequent development wea
often inextricably linked to the commercial,
transportation, end residential patterns with
supporting infrastructure that were already
established. There are. economically rational

explanations for that development and for why
development pressures continue in floodplain
locations. Problems result, however, when the
residuaf flood risks associated with continued
floodplain development, especially subsequent tu
completion of my flood prelection project, fail
to be recognized; when insurance protection or
other self-protective “mitigative” aations are not
taken; and when by default the Federal Gover-
nment (i.e., the taxpayer) is expected to cover the

complete disaster recovery bill for all major
flooding.

It should also be noted that Federal flood
pretectien projects are not usually designed for
the primary purpose of encouraging expanded
floodplain development they are justified pri-
m erily based on expected future reductions of

damage to existing development. There is
recognition of Executive Order 11988, issued by
President Carter in May 1977, which requires
evaluation of the potential effects of Federrd
actions on floodplains and establishes a multi-
step prncess for examining alternatives to actions
that would have au impaat on floodplains. Flood
reduction benefits are not claimed, and projects
are not justified, based on a projection of demag-
es avoided to FUTURE development. (There am
more conceptually complex procedures in the
Federal water resources planning Principles arrd
Guidelines that do allow “intensification” and
“location” benefits to be claimed, but these are
based on increased economic value of protected
areas and not on damages avoided to develop-
ment not yet present. These benefits are much
less easily documented or accepted in the review
of flood protection project proposals.)

Nevertheless, there remain important issues
of how individuals and businesses in the private

10-17



sector, as well as governments at ell levels,
perceive undeveloped and potentially
redevelopable land within the protective shadow
of flnod protection projects, and how they act on
those perceptions; how floodplains and flood risk
nre defined; smd what can be done to improve
recognition and avnid increased risks of flood
damage that cnn sccomprmy floodplain develop-
ment decisions.

QUESTIONS FOR EXAMINATION

Among the questions that arise from a
review of the literature related tn the subject of
induced floodplain development am these two:

What am thekey factors creating incentives
or disincentives regnrding development in the
flnodplsins?

How cm the process of determining the

appropriateness of structural flood protection
projects, rmd the planning and design of such
projects, be impmved?

These questions will be considered in the discus-
sing presented below,

DISCUSSION OF FACTORS INFLUENCING
FLOODPLAIN DEVELOPMENT

There appear to be several causative factors
at work that support continued floodplain devel-
opm ent. Among these factors are: the percep-
tion of “protection” tiorded by flnod “control”

projects;the absenceof appropriateland use

zoningmrd floodplainregulations,or enforce-
ment of such regulations, especially at the local
government level; and economic or social incen-
tives (or lack of disincentives) which are nnt
alwsys recognized but continue to support devel-
opment in floodplains, A common thread
through rdl of these is that more education rmd
understanding of florid risks era needed. Each of
these factors will be examined in turn.

Structural Flood Protection

It is clear to marry observers of floodplain

management issues that flood protection projects
dn encourage additional development of
floodplains. Flnod protection projects include
levees, floodwalls, and darrdreservoirs. They
include Federal works but also those completed
by other governmental or non-gnvemmentel
entities, which are especially prominent in the
constmction of agricultural levees.

The ChesteKleld-Monarch levee breech
slong the Missnuri River west of St. Louis is a
prime exemple from the 1993 flood of the
extensive dnmage that carr result when intensive
development takes place in an area thought to be
adequately protected by a levee. In this csse, an
existing agricultural levee was upgraded in the
1980’s to provide protection for up to the 100-
yenr flood, meeting the minimum standards of
the Nationel Flood Insurance Progrma, arrd
industrial development subsequently took place

behind the levee (Interagency Floodplain Man-
agement Review Committee, June 1994). Once
this private levee failed, dumages end other
losses in excess of $200 million were incurred
by snme 250 commercial enterprises end related
transportation facilities (Kmrsus City District,
Army Corps of Engineers, September 1994),

Other reviews of floodplain development
(Platt, 1986; Montz and Gmntfest, 1986; Holway

and Burby, 1993) cite tendencies for communi-
ties to face intensified development pressures
once flood control protection is provided. Even
in communities where land use and floodplain
management policies are sctively pursued,
pressures for continued floodplain development
arc ntten experienced (Burby errd French, 1981).

There is also concern that, in situations
where flnod protection for critical facilities is
generally viewed as necessmy, care be teken to
ensure that it is nlaced in such a mmmer so that
other commercist or industrist development is
not induced to locate nearby (R. KucerL MO
DNR, personsl communication, 1994).
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Another concern related to induced develop-
ment is the situation downstream of darns, where
floodplain areas perceived as adequately “pro-
tected” are developed despite the potential risk
that remains fionr extraordirrmy flood events
(Assessment Report, op. cit., 1992). The Associ-
ation of State Floodplain Managers (1994) has
advocated the need to maintain floodplain man-
agement practices in the hydraulic shadows of
darns arrd behind flood control works in recogni-
tion of these residual flood risks,

These types of situations provide evidence
that there is indeed a potentially powerful irr-
ducement for additional floodplain development

associated with the construction of levees, darns
arrd reservoirs, and floodwells, While there is
substantial documentation that these projects
have functioned as intended (in the 1993 floods,
an estinrated $19.1 billion in darn ages were
prevented), it is the negative side of the question,
involving increased exposure to darn age frnm
induced development, that remains the concern.

What arethelimitationsoffloodprotecting

projectsthatneed to be recognized as a response
to large scale floods? The following shortcom-
ings have been noted (Assessment Report, op.
cit., 1992):

- levees, especially those built for emergency
or agricultural purposes, arc typically designed to
provide protection only tlom smaller floods;

not every emthen levee built with cruwn
elevations equal to the design flood height can
be expected to provide the anticipated protection
due to changing hydrologic conditions mrd the
possibility of failure before overtopping;

internal drainage problems behind the
levees, or backwater effects from main stem
rivers on tributary strcarns, may continue as
major contributing factors in causing darnage.

These kinds of shortcomings were frequently
experienced with non-Fcderrd agricultural levees
during the 1993 Midwest flood.

Problems identified with the ChesteK1eld
Monarch levee include the lack of such rctine-
ments as undemeepage relief wells, interior
drainage systems, lack of pumping capacity, mrd
need for aa extensive maintenance program
(Shepard, 1994), Black River FaJls, Wkmrsin,
is arrother community that experienced extensive
damage when a portion of a non-Federel levee
washed out (Wisconsin DNR, 1993). These
examples point to misperceptions and conceptual
problems that are encouraged even by standards

applied in the Nationrd Flood Insurarrce Program
(NFIP). There is the notion that areas behind
levees arrd iloodwalls, or downstream of reser-
voirs, are essentially removed from the flood-
plain once the so crdled 100-year level of prote-
ction (or even greater) is built.

The reality is that these areas remain irr the
floodplain mrd continue to be vulnerable to flood
risk if a truly extraordinary event occurs or if a
protection system perforrus less tharr satisfar.tOri-
Iy, Indeed, the Interagency Floodplain Manage-
ment Review Committee report (June 1994)
comments from the following perspective: “The
residual risk to a building constructed behind a
levee designed to provide protection fmm a 100-
year flood is substantially greater thao the risk to
a building elevated to or above the 100-year
flood elevation.”

FEMA confirms that 24 percent of NFIP
claims for the years 1978-1993 were for losses
in zones B, C, and X, which are for was out-
side the 100-ye.w floodplain. Maay of these
losses are in areas with localized drainage prob-
lems which are too small to warraat the cost of
floodplain mapping. These urban storm water
management problems are really beyond the
scope of the NFIP arrd are the responsibility of
the individual community. Sewer backup may
be caused by high gmundwater resulting iiem
heavy rainfall arrd not directly related to a gener-
al condition of flooding. Nevertheless, the
number of claims submitted to cover these
situations indicates that some people and busi-
nesses do recognize the potential for “flooding”
at their locations even if they arc outside or
removed from a designated 100-year flood zone.
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A related concern is that recently introduced
“risk bnsed” design approaches to stnrchrrnl
flood protection prejects may further exacerbate

these problems (Association of State Floodplain
Mnnagem, 1994), A rigorous incrcmentnl nrlrdy-
sis may conclude that protection to a 100-year or
greater level for a given project is not economi-
cally justified, but protection of EXISTING
development to a lesser height may be. The
issue is that construction of lower levees may
result irr incrcnaing exposure to catnatrophic
losses fmm extraordinmy flood events unless the
perception is altered that CONTINUED develop-
ment behind such levees is sufe.

At some locations, it mny be worth the
ridded cost to build a levee of less thrm standard
project design with a wider thmr required foun-
dation in the event thst emergency action or a
permanent levee rnise needs to be pursued in the
futrrre. Levees cmr also be built, either at the
upstrearrr or downstream end, to overtop graduel-
Iy to allow time for evacuation in the event of a
flood in excess of the design of the levee.

In any case, it would appear that other steps
be should tsken, in combination with constmc-
timr of a limited flood protection project, to
avoid the potential for unsafe development. This
menns an end to the mentality, where it may

exist at the Iocul level, that once n community
haa a structural flood control project, no floed
problems should ever again be experienced. If
a greater level of flood protection is desired than
what ia determined to be economically fenaible,
a locnl commmrity has the option of adding to
the height of a levee or floodwall at ita own
expeuse.

A more effective response to the potentiul
for flooding problems requires attention on the
pnrt of all parties, both public nnd private sector,
of the residual risk that remaina even atter
completion of a project. If NEW development
does not REQUIRE location in the floodplain
area now being protected, it wouId be prudent to
locate it elsewhere. If it is determined that the

“protected” floodplain is the best place to locate,
then the added costs of elevating the structure,
floodproofmg the structure, or othcnviae modify-

ing the use of the stmchrm should be factored
into the development decision.

A reasonable goal would seem to be that
FUTURE development be designed and built tn
meet at least the minimum 100-yenr flood level
on its own merits at the development site, even
after a limited flood protection project is com-
pleted. This approach is not trouble free itself,
in that facilities mn the risk of being isolated or
inaccessible when a major flood surreunds a
building, even if the building itself is not dsm-
aged. Nevertheless, this step would go a long

wv tow~d ch~g~g the pemeption that, once a
limited flnod protection project is in place, it is
snfe to intensi~ the development behind the
levee or dowrratremrr of the danr. It would also
reduce the risk of cataatrephic lnsses if a flood
in excess of the design of the levee or reservoir
occurs.

If the additiunnl costs of safely developing in
floodplain lucations behind a levee or dowrr-
stream of a darrr am too great, then it suggesta
that alternative uses of the floodplain not subject
to substnntiel dmrrage should be considered, arrd
the inure intensive development that could be
exposed to severe flood damage should be
located elsewhere.

Floodplain Land Use Zoning

Arrother view widely shared by floodplain
management apeeislista is that more stringent
herd use rmring policies in floodplains by local

govermnents is needed tn ensure that exposure to
flood problems is reduced. If appropriate zuning

policies are properly enacted and enforced, there
would be much less need for structural flood
protection arrd much less concerrr about induced
development. In Illinois, for irratmrce, only 53 of
102 counties have zoning in place (interagency
Hazard Mitigation Temn report, FEMA-997-DR-
IL, 1993).
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This approach is most effective if it is ap-
plied in advance of pressures to develop poten-
tially vulnerable areas that are currently undevel-
oped. Once the lmrd is acquired mrd plans are
mrderway to develop the property, local commu-
nities appear to be generally much less able or
willing to prohibit the development from pr-
oceeding. The best that may be able to be
achieved is the imposition of floodpmofing or
elevation requirements in conjunction with the
development (Burby and French, 1981). Once
the development is in place, it is too late for
zoning to work as a flood damage prevention
tool.

Afler the floodplain development is in place,
a real test for determining its Iong-temr eoonom -
ic viability is a willingness to continuously carry
actuarially sound flood insurance to protect
stmctrrrcs fhm the risk of loss to flooding.

There are other obstacles from the perspec-
tive of local communities that need to be recog-
nized in applying zoning restrictions as a means

of avoiding induced development behind stmc-
tural flood protection projects mrd exposure to
damages fmm flooding. IrI marry cases, there is
a concern the flnodpkin zuning incurs detrimen-
tal impacts, such as reduced land values, reduc-
tion in community econnmic growth mrd devel-
opment, reduction in the tax base, mrd increased
constmction costs (Burby and French, 1985).
Although research on these questions is nnt
conclusive, there is snme evidence that stmctnral
flood protection may marginally increase flood-
plain land values, while requirements to elevate

stmctrrres above the 100-yem flood elevation
will tend to reduce land vahres (Holway mrd
Burby, 1990).

A related cuncern, not so much attributable
to planning and r.uning for future development
but in responding to flood problems for existing
development, is the propensity for affordable
hnusing to be disproportionately located in flnod
prone areas (Review Committee, 0p. cit., 1994).
This point may be especially important in the
implementation of flood hazard mitigation stmte-

gies iuvohirrg buyouts of substantially damaged
or repetitively damaged residences, where the
rerd cnst of pursuing the strategy of avoiding
exposure to flonding should consider not only
the purchase price of the properties but also arry
additional expense of relocating people to safe
yet atTordable alternative housing. This ap-
proach may still be worth pursuing in a large
number of cases involving repetitive flooding if
the future social costs, emergency response, and
disaster relief costs cau be eliminated. Residents
in areas of repeat flooding shnuld nnt consider
this as an “entitlement,” however, because Feder-
al disaster dechwations will not be issued fur
every flnod event, especially if the event is
localized. Residents mrd their communities
maintain a prirncry responsibility for addressing
problem areas aftlicted by frequent flooding.

Communities cau accelerate development in
areas at risk of flooding through the extmrsion of
municipaI services. The Interagency Hazard
Mitigation Team Report for Illinnis (TEMA-997-
DR-IL, 1993) cemments that, although there haa

been ongoing acceptance of cnmmunity develop-
ment in floodplains in Illinnis, the availability ef
infrastructure is a major incentive. The con-
struction of levees arrd establishment of local
drainage districts can create a false sense of
security to the threat of flnods. Adoption mrd
enforcement uf building cedes, such as finished
floor elevatinn requirements, is mr alternative to
be considered in these circumstances.

These cencems suggest flom several per-
spectives what is probably the fundamental issue
for many people with regard to floodplain devel-
opment, that being how best to ensure that the
“beneficimies” of flood protection projects and
the usera of flondplairr locations also recognize
mrd assume responsibility for the risks associated
with theselocations.Land use zoning and

regulation may inhibit opportunities that appear
ccunomically advaetageoua, but they alao func-
tion to avoid the externalities (costs) of flooding
mrd recovery that may not be properly recog-
nized in the original investment decision and for
which the generaI population through their
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governments are too often being asked to es-
sume. Because local units of government have
responsibility for Iand use zoning end regulation,
it is important that they recognize the potential
costs of flooding es an important factor in land
use planning and zoning decisions. Many devel-
opment decisinns arc not black and white, all or
nothing. Often there are alternative sites or
rdtemative strategies that can be employed to
further the economic development of a commu-
nity in a manner that does not increase the risk
of damages from flooding.

Economic Incentives and Disincentives

Although it can be argued that relative flood
losses in comparison with the national economy
have not increased over time, property losses and
other economic losses have generally trended
upward even in adjusted dollar terms due to
population growth end continued development of
floodplains. This has occurred despite the
numerous structural projects end nonstructural
policies implemented to reduce flood damages
(see Assessment Report, op. cit., 1992, pp. 3-34
tn 3-36 for discussion of relative flnod losses).
Another perspective would suggest, however,
that flood losses would have grown very much
higher without the structural end nonstructural
measures that have been taken to reduce flood

damages.

One explanation for this upward trend in
flood lnsses, efready noted, is that private Lmd
use decisions are significantly effected by the
public investments made in infrastructure, in-
cluding flood protection works. To the extent
that these publicly borne costs make private
investment decisions more profitable, more
development may be taking place in potentially
vulnerable areas than would otherwise be the
case. This may especially be happening if

environmentrd end social costs related tO f100d
risk end natural resource degradation are not
accounted for (Stavins and Jaffe, 1990).

An example of hnw this can work is reflect-
ed in the results of a survey completed of prep-

erty brokers in the Chesterfield Valley after the
1993 flnod. Property values were generally
recognized es having declined by 30 percent or
more in the aftermath of the flood. ff the levee
were restored to its preflood 100-yeer level, most
believed that property values end rents would
still be 10 to 30 percent below the preftood
value. However, if the levee protection were
increased to the 500-yetw level, it was felt that
preflood values would be restored (Shcpard,
1994).

The availability of flood insurance end the
expectation of flood disaster aid in response to
catastrophic flooding may also serve to encour-
age continued floodplain development (Holwsy
end Burby, 1993). Perhaps even more impor-
tant, hnwever, is the removal of areas adjacent to
or behind the designated 100-yeer flood zones
frnm flood insurance requirements. This encour-
ages a perception of an area “safe” for develop.
ment, but where the risk of severe losses te
extreme flood events rem sins. Tbe low number
of flood insurance policies in force for properties
behind the Chestefleld levee at the time of the
1993 flood is evidence of this pattern.

It may require disincentives to discourage
building in flood-prone areas. This may take the
form of tax code adjustments or the imposition
of construction requirements that add cost to the
decision to invest in en area of florid risk.
Alternatively, tax breaks or other kinds of fina-
ncial assistance can be offered to encourage
development in areas free of flnod risk. The
challenge, either way, is to anticipate the residual
economic, social, and environmental costs that
accompany investment in areas subject to flood
risk, and the avnidance of these costs that can be
realized by developing at alternative sites.

The issue that needs to be confronted from
this discussion is that development decisions
which cnntinue to focus on “protected” flood-
plain locations suggest that there is a willingness
to incur damages when extraordinary flooding
occurs. For those floodplain locations where
complete “avoidance” is apparently not the
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economically rational strategy, either flood
insurance or other kinds of adaptable, mitigative
actions must accompany the investment to ensure
its independent, unsubsidized economic viability.
This means that there should NOT be great
surprise when the damages associated with
extraerdinay floods occur.

Frem the 1993 Midwest flood experience,
however, it can be observed that flood risks
continue NOT to be well recognized or under-
stood, and that significant flood danrages are
NOT readily accepted, The bottom line, then, is

that individuals and society aa a whole cannot
have it both ways; i.e., maintaining that develop-
ment in floodplains is economically viable in a
variety of ways and locations amd yet seeking
outside financial assistance when the extreme
flood event strikes. All flood risks cannnt be
cost effectively prevented, and all new floodplain
development cannot be prohibited without an
increase in development costs in many instances.
So the question remains: how do we (individual-
ly and collectively) make better decisions on
how we use (or not use) floodplain lands, and
how do we (individually and collectively) best
cover the residual risks that remain?

IMPROVED ACCOUNTING OF THE EF-
FECTS OF INDUCED DEVELOPMENT

If there is acceptanceof thepossibilitythat

floodprotectionprojectscaninducemore devel-

opment than would otherwise be the case in
amaa of residual flood risk, what can be done to
ensure that such development is accounted for in
the decision-making process?

Any propnsed structural flood control pre-
ject, or improvement or expansion of existing
projects, needs to explicitly account for the
follnwing potential detrimental impacts:

a) induced darnages either upstream, down-
stream, or across stream of the project site aa a
result of whatever hydraulic changes can be
anticipated with completion of the project

b) residual damages at the location of the
project site, given that flooding beyond the level
of protection being provided is still a possibility;

c) if plans arc known, or possible, that would
involve more intensive use of the protected site,
the irnplicationa of residual risk for the induced
development should be recognized and quantified
aa an importmt factor in the project fnnnulation
process;

d) the annual and long-term costs, including
monetmy and staff resources, of maintaining and
repairing the flood cnntrol project should be
fully recognized mrd quantified; and

e) any additional costs that should be expect-
ed by the businesses or residences to be located
in the area behind the flood protection project to
anticipate and respond to the residual flood risk
should also be recognized mrd quantified, such
as: any elevation requirements for constmction
of new structures in “pretected” areas;
floodprnofmg actions that may continue to be
desirable, flood insurance requirements; or costs
for responding to flood emergencies or disrup-
tions.

Existing analytical procedures, aa spelled out

in the FederaI water rcsourccs planning Princi-
ples and Guidelines, forrnaIly cover these issues,
or at least allow for their consideration. It is
clear, however, that the focus of analysis in
formulating plans for the reduction nf flood
darnages haa been largely devoted to estimating
benefits to be obtained fmm the reduction (but
not elirninatinn) nf expnsurc to flood darnages
through the constructing of flood protection
projects.

If mnre attention were. routinely devoted to
the factors identified in a. thrnugh e. above in
the evaluation of flood protection proposals at
the Federal, State, end locaI levels, a better
understanding would be achieved of all of the
ram itications aaaociated with the constmction of
these projects. As a result, other approaches to
flood danrage avoidance could, in some cases, be
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more seriously considered. frr other cases, it
might lead to consideration of an even greater
level of protection, given a better understanding
of the potentird for substantial losses if a levee is
overtopped.

There arc other steps, from a regulatory
perspective, that can also be taken to impruve
the accounting for potentially induced develop-
ment. One concept is to expand the definition of
flood risk to include areas protected by levees
from the 100-year flood, and to encourage or
compel fluod insurance coverage for structwrcs in
these areas. Current practice is for communities
tu petition the Federal Insurance Administration
for removal of previously floodprone properties
from flood insurance requirements once a levee
is in place that protects from a 100-year flood
(Interagency Hazard Mitigation Team Report,
FEMA-989199511006 -DR-MO, 1993). Once the
insurmrce requirements are lifted, it serves as an
invitation for additional “safe” development to
take place. Sume community development plans
obviously have been designed to achieve the
minimum level of protection necessary to gain

removal of flood insurance requirements and
then to promptly allow new or more intensive
development of these areas.

Instead of completely removing such areas
from flood maps and flood insurance require-
ments, the maintenance of a flood risk zone

designation in the fluod insurance program for
areas behind levees would serve as err important
reminder of residual risk that remains. The
recommendation from the Hazard Mitigation
Team Report is that a separate floodplain zone

designation should be applied to areas behind
levees meeting Federal standards, and that flood
insurmrce should be offered to property owners
in this zone. If properties in these areas are
being acquired with federally backed mortgages,
then there shuuld continue to be mandatory flood
insurmrce purchase requirements. The premiums
would presumably be scaled to reflect the re-
duced risk of flooding in this zune.

The expectation is that if this insurance
coverage requirement was implemented, less
economic distress would be experienced and less
disaster aid would be needed when levees meet-
ing Federal standards are overtopped. This

appro~h adrksses the reality that 30 percent or
more of fluod insurance payouts are already
being made in areas beyond designated 100-year
flood zones, and that the statistical odds of a
greater-than-1 00-year flood occusring in any
given area over a 30-year period is about 1 in 4.
This concept is endorsed as Action 9.6 in the

Interagency Review Committee report (1994) as
well.

This appruach is also responsive to the
reality that hydrologic conditions do change over
time, given development which takes place in
other areas of a watershed outside of the flood-
plain itself. Conversions of land use, especially
from previously natural conditions, can cause

changes in runoff patterns if upland watershed
retention measures are. not pursued. An estimate
of the rclatiunship between flood flows and flood
stages can be developed based on historical
records, but this relationship cannot be consid-
ered as perrrr anently fixed, especially in areas
where historical records are limited or significant
development in a watershed takes place over
time. All of this is to indicate that the designa-
tion of a 100-year flood zone, or the construction
of a levee to previde “100-yeaN level of prutcc-
tion, is a line on a map or an elevation in the
midst of a gradation or range of possible flood

conditions. It should never be taken to mearr
that a structure just outside a designated line on
a map is eminently safer from flood risk than a
structure just inside the designated Iine, or that
once a “100 year” levee is built that the area
behind the levee is tied from future flood
problems.

SUMMARY

This review finds that the potential for flood
contrel projects to induce - development in
floodplains is significant, especially in areas that
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have not already bwn fulIy developed, mrd that
the effects of induced development am frequent-
ly not well recognized or well accounted for.

At least three different approaches can be
fashioned in responding to the pattern and conse-
quences of induced development. They do not
have to be considered as mutwdly exclusive, but
there em clear diiTerences in emphasis. It may
also be useful to think of each in terms of the
relative degree of responsibility that is exercised
by government at its various levels, and by the
private sector (i.e., businesses and households),
in considering how issues of induced develop-
ment are dealt with and associated flood prob-
lems em addressed.

One approach is basically a continuation of
a historical pattern which suggests that more
intensive uses of floodplains will continue; that
damages associated with extraordinary flood
events will grew; and that Federal emergency
response costs and disaster relief payments will
be primary response mechrmisms, assisted by
flood insurmrce pmgmms. This approach sug-
gests that the existing mixture of policies, prO-
grmns, incentives, and projects works reasonably
well, and that the economic damages and social
impacts associated with large scale floods caa be
tolerated and paid for by society as a whole.

Another appreach attaches a much greater
importance on modi~ing existing policies,
programs, aad incentives in ways that will
strongly enceumge either the avoidance of new
development to flood risk or the protection
against flood losses through much stronger
insurance requirements. Elements of this ap-
proach could include em expended definition of
flood risk aad an expmrded national flood insur-
ance program; more rigorous floodplain manage-
ment aad flood hazard mitigation requirements
by many State governments; more rigorous land
use and zoning requirements by local gover-
nments; and more. responsibility on the parts of
homeowners and businesses to continuously

CmTY flOod insurance to cover the risks of being
in or choosing to locate in en area potentially at

risk of flooding. First-floor elevation requir-
ements, or site designs achieving a minimum 100

year elevation for new development, arc specific
tools to be considered in reducing the risks of
flooding, even if limited flood protection projects
have been completed.

A third approach is also to recognizs the

pattern of induced development end to fully
incorporate this possibility in the design of
sbmctural flood protection projects. This could
mean adding a higher level of protection than
would otherwise be considered to ecceunt for the
increased risk of catastrophic losses that could
occur if more intensive development takes place
subsequent to the completion of a limited stmc-
taral protection project. This appmech empha-
sims that the potential for additional damages te
induced development is not being fully recog-
nized in the design of more limited flood prote-
ction projects, and that the prefemed response is
to provide incremental added protection. The
added tests of buiIdiag even higher levels of
flood protection am currently assumed by the
local sponsor of a Federal project, and this
policy would be expected to continue.

Regardless of the approach, it is certain that
detailed analysis, both site speeitlc and systemic,
would help to clarify the economic, social, end
environmental trade-effs that accompany deei-
sions to pursue development ia floodplains. The
concern about induced development suggests
that, with improved recognition and understmrd-
ing of the potential problems associated with
floodplain locations, there would be fewer
instances of new development being pursued in
areas that rem ain at risk of flooding, evea with
limited structural flood protection being provid-
ed. It may be that increased development tests
in other tbaa floodplain locations are an accept-

able trade-off in order to avoid the potential for
future damages associated with extraordinmy
flooding. Said in another way, a lower cost of
development that is achieved through a flood-
plain location may not actually be less expensive
once the potential for dam ages associated with
the site is fully considered.
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The economic tmde-effs involve choices
between a) acceptance of Icrge amounts of
damage associated with extraordinary flood
events; b) acceptance of added costs ossociatcd
with development in safe locations away from
floodplains; or c) acceptance of added costs

associated with providing increasing levels of
stmchrral flood protection. Thelessons from the
1993 flood appear to be that a) the first choice is
not acceptable, b) the second choice should be
strongly considered for my new developmen~
and c) the third choice is worthy of consideration
in areas already intensively developed that are
not olrecdy pmtccted from cxtmordinmy flood
risk.

FINDINGS:

1O-O) Past Federal actions to insure or pro-
vide disaster assistance for vulnerable flood-
plain locations have contributed to more
intensive use and subsequent exposure to
flood damages than would otherwise have
been the case.

10.p) Structural flood protection projects

have tended to induce floodplain development
beyond what otherwise would have taken
place, and the effects of such inducement have
frequently not been well accounted for. In
most areas, however, development preceded
the installation of flood protection works. The
Principles and Guidelines for Federal water
resourcra planning permit a detailed examina-
tion of the effects of induced development.

10-q) More comprehensive econnmic evaksa-
tions in flood cnntrol studies would help to
explicitly address the benefits and costs associ-
ated with development in floodplain locations.
A rationsd system of floodplain management
would require new activities in floodplain
locations to: a) self-cover all losses that will be
incurred when a flood strikes, or b) pay for
flood insurance on a continuing basis to cover
such losses.

10-r) Exposure to risk in the floodplain, and
associated flood damages, is now too often
considered as an “externality,” a cost that
society is asked to pay when the “unexpected”
flood strikes. Unless those who iavest and
locate in the floodplain are able to assume the
costs of flood damages themselves, or insure
agaiast these risks, the rest of society (i.e.,
government and taxpayers) is subsidizing
potentially unwise investment decisions.
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7). What are some measures that could be
taken to provide more sophisticated river
modeling?

The Corps of Engineers did not have an
integrated river model or method specifically
designed and set up for the Mississippi River to
analyze mrd predict system-wide impacts of
various alternative actions during large floods
such as were experienced on the Mississippi
River during the summer of 1993. Although

reservoirs were effectively operated during the
1993 flood, improvemerrts are necessary in the
prediction of runoff, reliability of stage forecasts
during extreme events, analysis of the impacts of
actual or probable levee failures (both locally
and downstream), mrd communications between
Corps offices, other agencies arrd with Corps
customers.

The Interagency Floodplain Management
Review Committee, in its June 1994 report to the
Administration Floodplain Management Teak
Force, also addressed the need for a system-wide

unsteady flow model of the Mississippi mrd
Missouri Rivers. One-dimensional steady state
models that existed during the 1993 flood are
unable to satisfactorily model the complex
condition of flow where water moves into large

storage areas in the overbmrk floodplain. They
went on to state that a “system-wide, unsteady
flow model of the main stem rivera irr the upper
Mississippi River Basin would evaluate the
impacts of proposed structures mrd floodfighting,
and could be used for coordinated ecosystem
modeling, mrd for floodplain management deci-
sions.” The UNET model is the unsteady state
modeling program being used to meet this need.
It is capable of accounting for storage in the
overbank portion of the valley cross section.

The Corps began development of upper
Mississippi River arrd lower Missouri River
UNET models for water contrel purposes in
1994. To obtain the necessmy hydrauIic stage
comparisons for the alternatives being analyzed
in this assessment, the FPMA supplemented this
separate modeling effort and thk effort was

accelerated for the FPMA, especially in the Rock
Island mrd Kansas City Districts. UNET models

of the Mississippi River frum St Paul, Mimreso-
te, to Cairo, Illinois, and of the Missouri River
from Omaha, NebraakA to St Louis, Missouri,
have been developed. These models have been
calibrated to the 1993 flood condkions, end were
used to model various action akematives for the
Floodplain Management Assessment. Further

refinement mid development will continue in
future yeara to eddress Water Control Operation
needs for operation of the Corps of Engineers

projects mrd to provide support to the National
Weather Service in its role of river forecasting.
The existing models are baaed on existing map-
ping. The modeling was appropriate for this
assessment, but additional mapping, especially
burdward of existing levees, would be needed to
more accurately determine flow capacities and
stages.

FINDINGS:

10-s) The Corps of Engineera has now devef-
oped UNET models of the Mississippi River
from St. Paul, Minnesota, to Cairo, Ilfinois,
and nf the Missouri River from Omaha,
Nebraska, to St. Louis, Missouri. Further
refinement of these models and extending
them to critical river reaches not yet modeled
will require significant additional basic data.

10-t) The FPMA modeling has shown that
some changes on tbe Mississippi and Missouri
RNers have system-wide effects. The UNET
model is an appropriate tool to analyze these
effects.
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8). Are levees considered to be part of the
navigation system?

MISSISSIPPI RfVER

Levees may be considered to be part of the
navigation system in a limited set of circum-
stances. The 9-foot channel project on the

Mississippi River consists of a series of locks
and dams to create POO!S to provide reliable
water depths for navigation. Flood control
levees were not constructed as part of the 9-foot
channel prejeet. However, levees were used to
tie off locks and dams instead of natural high
ground in some cases.

There arc some instances where flood contrrd
levees may encroach upon areas that would
otherwise lie witbin the flat navigation pool.
This could occur in either mid-pool areas or at
the site of a lock and dam.

In mid-pool areaa, flood control levees arc
not necessary to maintainthenavigationpool.

An encroachingfloodcontra]leveetakesthe
phee ofthenaturafbankline. WMrout the flood
control levee, the water would revert to the
natural bankline.

At lock end dam sites, the pool is maintained

by Federal structures which tie into high ground.
“High ground” may be a natural or man-made

land feature. During the establishment of the 9-
foot channel navigation project, each location
was evaluated and structures neeessary to main-
tain the navigation pools were constructed.
These structures am maintained by the Corps of
Engineera. No additional structures are currentfy
needed to support the 9-foot channel navigation
project.

MISSOURI RIVER

~

Authority for the Missouri River Bank
Stabilization and Navigation preject is distributed
throughout a long list of legislation beginning in
1912. When the 1944 Flood Control Act created

the Pick-Sloan plan for comprehensive basin
development shared by the Corps of Engineers
and the Bureau of RecImnation, both the bank
stabilization end navigation improvements were
assigned to the Corps of Engineera. The Pick-
Sloan Plan also included the Missouri River
Levee System to control floods in combination

with upstream multiple-purpose lakes. The same
structures used to m aintairr the authorized depth
end width for navigation simultaiwmrsly stabi-
lized the banks by establishing revetments end
closing chutes. Levee builders benefited fiem
the stable banks, end the bank stabilization
preject benefited from levees that prevented high
flows tkom returnin8 to old channels. Still, the
flood control levees and bank stabilization works
remained separate in terms of construction end
maintenance.

Wklr regard to the continued operation of the

navigation system, the answer to the question,
“Arc levees considered to be part of the naviga-
tion system?” is a definite and emphatic NO.
Nevertheless, some training structures (levees,
dikes, groins) are essential to the bank stabiliza-
tion program, particularly at tributary confluenc-
es and at closed chutes. At intermediate flood
stages, these structures may act as levees.
Regardless of the design or intent of these
structures, some floodplain residents have come
to view them as flood prnteetion.

The various configurations of dikes, sills,

end revetments in the lower Missouri River
support control and development of the naviga-
tion channel. They are exclusively hydraulic
controls for maintaining the authorized depth and
width. In contmat, levees can be beneficial or
detrimental to the operation and maintenance of
the Missouri River’s contrel structures.

Flood events like the 1993 flood suggest that
the levees that failed wem a liability. When a
levee overtops and ultimately breaches, blow-
outs, scour holes, chutes and cutoffs across
meanders may develop, aided by the sudden
release of flow into the area behind the levee.
The degree of damage to the river stnrctures
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depends on several variables. After a large lock and dam site was evaluated and struc-
flood, considerable maintenance, time and funds tures necessary to maintain navigation were
are required to ra-establish the integrity of the built, and are currently being maintained, by
system. During more frequent floods, where no the Corps of Engineers.
hydraulic failure of a levee occurs, the levees
prevent blowouts, cutoffs across meonders or
chute development. Typically, flood events of
lower magnitude and stage, confined by local
levees, cauae less damage to the river’s structures
and pose only a minimnl threat to its operation
and integrity.

The lower Missouri River is an aggressive
and dynamic water conveyance system. Its
recent history indicates that the channel has
migrated from one bluff line to the opposite
bluff line near Wbite Cloud, Nebrask& approx-
imately 13 miles, during aperiod oflessthan24
hours. Channel ahitling ofafewhundrcd yards
overnight is repeated in many historical docu-
ments. Thisshit%ngappearsto be a common

characteristicoftbesandybed andbanks.Prior
to bank stabllizrdion, this channel shitlng pre-
empted any long-term use of the Misaomi River,
its water supply, or its floodplains for economic
development or benefit.

For nearly eight decades, attempts have been
made to train, stabilize, and control the river in

a usable alignment. The river’s channel, its
floodplains, rmd the infrastructure around the
stabilized channel were severely tested by the
1993 flood. Damage totberiver’a control stic-
trrres due to yielding and failure of levees was
considerable. Between 150 and 175 scour holes
or blowouts developed along with 25 potential
channel cutoffs. But as the flood receded, the
river remained along its present aligned course.
Wltbout river control smctima, the risk to
economic or infrastructure development would

CaITYa high cOstto the taxpayer.

I FINDING:
I

1O-U) Levees may reconsidered to bepnrtof
the navigation system in a limited set of
cirmrmstances However, during tbe estab-
Iisbment of the 9-foot channel project, each

I
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9). Evaluate the impact navigation projects
have on flooding, including the effects of
sedimentation ?

BACKGROUND

It has been suggested that the navigation
projects on the upper Mississippi and lower
Missouri Rhera cause an increase in water levels

during floods. The perception is that: (1) the
pools created by the navigation dams induce
sedimentation which reduces channel capacity;
and (2) navigation dams and channeltraining

structuresrestrictthenaturalfloodwny, cansing
an increase in water levels during floods.

UPPER MISSISSIPPI RIVER

Sedimentation

It is well known that the Mississippi River
transports a massive volume of sediment each
year. Much of the sediment remains in sus-
pension and is transported downstream to the
Gulf of Mexico. However, at any location

where a reduction in velocity occurs, the river’s
sediment transport capability is reduced, result-
ing in sediment deposition. This is a dynamic
process which occurs in both natural rivers and
those that have undergone chmrges induced by
humans. Some suggest that deposition of sedi-
ment in the navigation POOISof the upper Missis-

sippi River has reduced the capacity of the river
to convey water during flood events. The fol-
lowing discussion addresses this issue.

Sediment deposition in the navigation pools
occurs in both the m tin channel and backwater
areas of the pools. However, the sediment
transport precess and characteristics of the
material deposited are distinctly different.
Because the majority of river flow is concentrat-
ed in the main channel, tie sediment transport
capseity ia also greater. Most of the fme-graiaed
sediments suspended in the water column will
continue to be transported downstream. Deposit-
ed sediment consists of primarily coarse-gmined,
sandy material, referred to as bedload. As long

as suftlcient energy is available, deposition of
sediment will be limited and the transport pr-
ocess will continue. However, when conditions
arc encountered that either reduce velocity or
modify flow patterns, i.e., changes in channel

geomehy such as bends or meanders, structural
obsteeles, or a reduction in river flow, deposition
will occur. Generally, deposition at one location
in a cross section is balanced by erosion at
another. For example, at bends or curves in the
river, it is common to see sediment deposition
on the inside of the curve and erosion on the
outside of the curve. This is due to secondmy
currents trmrsverse to the main direction of flow.
Erosion also occurs during flood events. The
steeper slope of the water surface leads to an
increase in velocity, which causes the channel te
scour, Because of the dynamic nature of the
sedimentation process, net sediment deposition in
the main river channel is minimal, although large
variations in sediment deposition can be ob-

served locally. Evaluation of survey data col-
lected in pool 20 by the Iowa Institute of Hy-
draulic Research supports tbia conclusion.
Comparison of river cross sections surveyed in
1937 and agein in 1950 shows an estimated
average deposition rate of 0.1 inch per year.

hr contrast to the main channel, sedimenta-
tion in the backwater areas of the navigation
pools is limited to primarily fme-greined sands
mrd silts. Instead of being transported as
bedload along the bottom of the river, these finer

sediments are transported es a suspended load
which is distributed more or less uniformly

tbmugbout the water column. During low flow
periods, velocities through these areas may

approach ~rO w tie areas beeome disconnected
&m the main river. Because there is insuiX-
cient energy available to keep the material in
suspension, deposition occurs. However, as ia
the case of the main channel, the net rate of
sediment deposition is very low. Surv9 data
coIlected along trsnseets established and moni-
tored by the EnvirenmentaI Management Techni-
cal Center in the backwaters of Mississippi River
pools 4, 8, and 13 illustrate this. Net sediment
accumulation over the three pools studied in
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1989-1993, just prior to the 1993 flood, was on
the order of 1 to 2 cm. per year. Survey of the
smrre cross sections following the 1993 flood

showed a decresse in the net rate of accmnda.

tion. Along many of the transects, erosion was

the dominant feature.

In summsry, sediment deposition does occur
in the navigation pools of the upper Mississippi
River. However, although large chmrges in
bathymetry may be seen locally, the average net
chmrge in cross sectional srea through the pools
is negligible. Therefnre, conveymrce of
floodwaters is unaffected.

Navigation Dems

The manner irr which navigation dmrrs am
operated is elso believed to have an impact on
flooding. On the upper Mississippi River, there
am 29 navigation locks and darns that create a
series of pools on the river. During low rmd
normal river flows, the gates of the navigation
darns we operated so as to maintain a minimum
9-foot chsnnel while psssing the natrrrel river
flow downstream. A limited amount of water is
stored to meet that objective. As the flow in the
river increeses, the gates of the dam am opened
sccnrdingly so ss not to exceed a prescribed pool
stage at the dam. At such time that the water
level dnwnstmsm of the dnnr is nearly equal to
the water level upstmmu, the gates of the dmrr
are completely raised out of the water, allowing
the river to flow without restriction. The effect
of thestructureon water levels once the gates
sm removed from the water is minimal. At most
of the navigation dmns within the Rock Island
District, a swell head of less thmr 0.5 foot cmr be
observed Iocefly in the vicinity of the dam,

A related question is whether any benefit
cnuld be obteined by opening the gates of the
navigation drmrs in advence of a predicted flood.
In generrd, the volume of water that would be
evacuated by rsising the gates of the dmn earlier
than the current practice is minuscule compared
to the volume nf mnoff entering the system
during a major flood. In 1969, the Rock IsLmrd

District contracted with the University of Iowa
Institute of Hydraulic Research to quaati~ hnw
much, if mry, reduction in flood crest could be
gsined by tsking the navigating darns out of
operation eerlier. Computed pmtiles mrd
hydmgraphs fnr Mississippi River pools 14 sod
15, which wem representative of a modifkl
operation, were compemd with observed profiles
errd hydmgraphs of the 1965 flood. Results of
that mrefysis showed that, for floods with perdr
discharges in excess of 200,000 cfs, reising the
gates of the navigating dmn out of the water in
advmrce of a flood event preduced absolutely no
reduction in peak stages. For smsfler floods
with peak discharges less thmr 200,000 cfs,
reductions of 0.1 to 0.4 fnot could be rcafized,
depending on the location within the pool mrd
the distence from the dmn.

Chmrnelization

Wing dmns end other chmrnel training
structures used to stabilize. the channel em slso
thought to cause increased water levels during
floods by obstmcting flow and decreasing the
width of the floodway. On the Upper Mississip-
pi River, wing dams and cress dikes we sub-
merged structures which have so effect only
during lnw flows. During low flows, these
structures produce a locafized incresse in veloci-
ty to discourage sediment accumulation in the
navigation channel. During floods, these stmc-
tnres am submerged by as much ss 10 to 20 feet
of water rmd prnduce no increase in water levels
or velocity.

LOWER MISSOURI RIVER

Due to the complexity of the issue, it is not
possible tn conclusively address the effects of
chmrnelization on flooding slong the lower
Missnuri River within the scope of this assess-
ment. The navigation chmrnel on the Missnuri
River is maintained by a combination of sills,
cress dikes, srrd revetments which extend into
the river fmm the natural high ground. While it
is agreed that chermelization has reduced the
width of the floodway, the effects of that reduc-
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tion are in dispute. Although the floodway is
nerrewer, the river flows at a greater depth. It
cm theoretically be shown that a deep, nnrrow
chsnnel will convey more flow thmr a wide,
shnIlow chmrnel. Stabilization structures, howev-
er, nrmor the channel, limiting the river’s ability
to expsnd as a natural chmmel would during
flood events. Further, sedimentation which has
occurred between dike structures has encouraged
the colonization of willows. This restricts the
naturnl floodwsy and decreases conveyance. It
should be noted that the Ksrrsns City District is
seeking additional funds to eveluate the impset
navigation and bank stabilization structures have
on flood stages.

FINDING:

1O-V) Sedimentation in backwater areas,
navigation dams, and channel training struc-
tures do not have an impact on flooding on
the upper “Mississippi River. Channeliiation
along tbe lower Missouri River ❑eeds to be
studied in greater depth in order to conchr-
sively determine its effect on flooding.

I

~
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CHAPTER 11- DESIRES OF AFFECTED INTERESTS

Identifying and Arraying Desires of All Inter-
ested Parties

The Public Involvement Work Greup
designed its program to meet the study objec-
tives, particularly Objective B: Identify and
array the desires of all interested parties within
the study area to reflect the diversity of opinions
regarding appropriate future outputs from alter-
native uses of floodplain resources; end Objec-
tive F: Evaluate and prioritize alternative lmrd
and water resource actions based on consultation
and coordination with affected Federal, State,
and local entities through a series of public
workshops or similar mechanisms.

Identifying end arraying the desires of
interested parties within the study area was done
toensure that the assessment reflects the diversi-
ty of opinion regarding the alternative uses of
floodplain resources. The public involvement
strategy was based on two definitions: 1) AI1
potentially affected individuals, agencies, organi-
zations end interest groups; end 2) Involvement
was characterized by the natore and extent of the
public’s participation in problem solving and
decision-making.

Public Involvement Strateey

Pmtl: Public Meetings and Workshops

In order to accomplish the above tasks,
the Public Involvement Work Group decidedon
a series of public workshops/open houses end
evaluation meetings with local, State, and Feder-
al agencies. Participation by the public was

considered extremely important in the assessment
process to increase credibility and public sup-
port. Public input was also obtained from
written correspondence end comment sheets.

Three sets of public meetings end work-
shops were designed to inform the public and to
identify interests, issues of concern, needs,
constraints, opporhmities, mtd desires. The first
set, held in June 1994, wes designed es an open
honse, to inform and educate tbe public about
the Floodplain Mmrsgement Assessment (FPMA)
and to obtain information from them. The
second set, held in November 1994, was de-
signed to present information, followed by
comments and concerns from the audience, with
a request for written comments. The third set,
held in April 1995, was designed to educate the
public by providing the findings and conclusions
from the FPMA draft report and obtain their
priorities for policies/programs end action alter-
natives. The April meetings were particularly
diftlcult to prepare for, because complex infor-
mation needed to be sofied out mrd presented to
the public in a simple, understandable way. To
do this required knowledge of how to get infor-
mation across to the Iayperson: There are “two
basic human needs for information - making
sense and involvement.” These two needs are
defined as follows: (1) making sense - coherence
of the information, and (2) involvement - com -
plex information “places very high processing
demand on the observer” thus requiring more
involvement (Gimblett, Itami, Fitzgibbon, 1985).

An initial “Think Tank” meeting was
held with agencies, organizations, and interest
groups in February 1994 to identifi the issues
end define strategies for the assessment.

Interagency teem workshops with local,
State and Federal agencies took place during
February 1994, August 1994, October 1994,

Janumy 1995, February 1995 and May 1995.



Part II: Master Mailing List

A master mailing list was developed
from all five Districts, consisting of Federal and
State agencies, organizations mrd interest groups
that had shown prior interest in the subject of
floodplain management. The St. Paul District
maintained the master mailing list in order to
avoid sending duplicate m ailigs. The master
mailing list, of approximately 200, was used to
distribute the milestone packages, notices of
public meetings ssrd othei information. Each
Dktrict also used supplemental mailing lists to
include others wbo were interested and requested
information about the Floodplain Management
Assessment.

Part III: Milestone Packages

Three milestone packages were prepared
md distributed to Federal agencies, State agen-
cies, organizations, interest groups, nnd interest-
ed individuals. The first milestone package
(Existing Condition Identification Summay) was

sent on August 5, 1994 to provide mr apdate of
the work being done on the FPMA. Recipients
were encouraged to review the data and offer
guidance on revised directions, additionrd sourc-
es of information, or general comments for
consideration. The second milestone package
(Problem/Issue Identification) was sent on Sep-
tember 15, 1994 es a further update, rmd recipi-
ents were again encouraged to review the data

end offer guidrmce, direction, or comments. The
third milestone package (Alternatives Identifkd
and Developed), completed Janrwy 18, 1995,
was also provided as asr update, with continued
encouragement to review the data and offer

comments. Questions expressed at the public
meetings in November 1994 and written com-
ments received through December 1994 were
responded to in the third milestone package.
Several refinements to the study were made as a
result of the comments received.

Part IV: Institutional Analysis

Just as the focus of the FPMA study
explored the systemic nature (whole system) of

fleedplains dusing the 1993 fleeds along the
Mississippi mrd Missnuri Rivers, so too the
focus of the Public Involvement precess required
a lonk at the whole body of potential individuals,
agencies, organizations, mrd interest groups. The
institutioneJ analysis was considered an extreme-
ly important pmt of this precess. It served as a
valuable tool in rmdersteuding, evaluating, aad
arralyziag the institutional setting (legality ssrd
compliarrce, political conflicts, social mrd cultural
values, aad administrative effectiveness). “In our
complex world, decisions which impact the
public interest require complex coordhation
between all concerned interests, and due consid-
eration of the legal sad economic factors, politi-
cal feasibility, and examination of the powers
end authority of public bodies which are charged
with responsibility for the public interest”
(Soyke, 1980). Political interacting from indi-
viduals, groups aad organizations is necessruy
fur consensus building. Opposition interests
which fail tn show up at public meetiags may
surface later to stall implementation.

Chapter 2 of thk rcpmt begins to aaa-
lyzc the floodplain forces by providing a histori-
cal evahmtinn of the study erea, au institutional
inventmy, and policy aad program introduction.

The institutional inventory is a list of institutions,
organizations rnsd greups (see Appendix D for
the list). The invmrtmy list is only the first step

~ gathering data for the analysis. Because of
the interrelated complexity nf en institutional
mralysis, along with the cost mrd time required
for the rmalysis, it was considered beyond the
scnpe of the FPMA study. Asr unbiased, cem -
prchensive institutional analysis would be neces-

sw tO fully understand and prepare for a new
floodplain approach that would be supported.
This would aid inreducing possible problems or
preparing ahead to confront them.

An evaluation is nccessmy to understand
how differences in floodplain mmmgement will
affect individuals and groups with diiTercnt
pnlitical systems. ConfJict is unavoidable, but
conflict between interest groups end agencies, es
well as interagency centlict, needs to be identi-
fied and opened for discussion. Better coordha-
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tion is important, but it is not the sole answer in
reducing conflicting agency goals, missions,
bureaucratic inertia, arrd turf battles that prevent
public agencies tlom effectively cooperating to
protect complex river systems.

The success of any change in floodplain
management will depend on gaining support

ilem local communities and citizens, since most
floodplain lmrd use is decided by local policy.
Local communities must be actively engaged in
efforts to work together to manage the health of
the floodplain system. Commmrities, especially
floodplain landownera, perceive the loss of jobs
and economic productivity and am reluctant to
change, but communities potentially stnnd to
gain the most from improvements that generate
economic and community development opportu-
nities (improved water quality and supply,
improved recreation al/fishing/lmnting opportmri-
ties, impreved aesthetics end kind values, etc.).
River-focused community revitalization projects
work with bottom-up local involvement, Local
communities will need support in making flood-
plain chmrges to maintain economic vitality, but
it will require local empowenrrent, effective new
incentives, the removal of disincentives, and
effective implementation atmctures.

1993 Flood Imtmct on River Communities

Before the Great Flood of 1993 arrived,
commrmities were dealing with major problems
involving old infraatmcture issues, rmd social
and economic change. These issues and chaoges
were accelerated due to unprecedented damage
horn the floods. Tough planning issues that
needed to be dealt with quickly included: “re-
solving housing shortages, fmdirrg suitable sites
for subdivisions and towns, finessing the tinan-
cial resources to implement projects, building the
necessary infrastructure to accommodate growth,
arrd reusing cleared floodplain lands” (Monish,
Swenson, Baltus, 1994). The recovery process is
far from over. “While the floods and the recov-

er’y Process are felt most immediately in tire
community, their regional mrd national impor-
tance wiI1 only become more apparent with time.
From a preliminary needs assessment study of

pest-flood recovery planning issues at the com-
munity level, we crm draw conclusions that have
implications at the larger scale” (Monish,
Swenson, Baltus, 1994). Very little money has
been made available to communities to plan for
relocation, while millions were spent to acquire
flood damaged properties. A very real problem
exists in a relocation program when it moves
parta or entire towns out of the floodplain with-
out addressing what held that community togeth-

er (common link, culture, bond or sense of
belonging). All of a sudden, that community
quaIity is gone and individual will feel dis-
placed. People are. a part of the environment
arrd “communities need to be included if the
entire ecology of the river is to be sustained. A
sustainable balance with the environment is a
crucial part of the planning process we have
found so deficient, or missing altogether in

changing and relocating communities. Holistic
thinking is needed to plan communities that
better recognize and enhance their connections
with the environment” (Morrish, Swenson,
Bakus, 1994).

Evaluation of the Public Meetirrm

Fmm Jmre 13 to June 30, 1994, 12 open
house meetings were held in various locations
throughout the study area (see Figure 11-1 for
Locations). The Public Involvement representa-
tive tlem the St. Paul District attended all of the
Jrme meetings with each District’s assigned
public involvement person. The open house
format was designed to educate, arrswer ques-
tions, aed solicit input. As interested parties
entered the meeting, they were shown a video-
tape describing the background arrd reason for
the study. They then had the opportunity to look
at displays that included information on the
objectives, study organization, study area, and
redated information. Four tables each had a
subject expert available for questions, along with
displays of work by that discipline. The public
was encouraged to ask questions and make
comments at these tables. Flip chmts were used
with an initial list of alternatives and a list of
perceived needs. The public was encouraged to
identify further alternatives and needs or place a
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mark besidethealternativesorneeds that inter-
ested them.

Overall, the comments were positive to
the open house meeting format because it as-
sured more people could take the opportunity to
express their views, and those people felt the
meetings were educational and contributed to
their understanding. Many of the open house
participants provided comments at the open
house or mailed their comments later. The
comments received were recorded in a matrix
format. The coded matrix information was
prepared in a pie chart to identify the percentage
of represented groups that responded to the
comment sheets from the June meetings (see
Figure 11-2). The majority (34. 1 percent) repre-
sented Agricultural interests, while the second
largest group (23.5 percent) was represented by
Self-interest. The third largest group (17.4
percent) was represented by Government (sepa-
rated into four groups: Regional/local, City,
County, and State Government). Other interests
included: Environmental, Industry, Other, Private
Interest Groups, Planning, and Mental Health.

A content analysis of the comments
received from the June meeting reveals four
underlying themes. First, there is strong
suppOrI among agricultural interests for imprOv-
ing and continuing development of structural
flood control measures, especially levees, Sec-
ond, the environmental interests together with
some agricultural and recreational interests tend
to support the idea that greater emphasis needs
to be placed on nonstructural measures, particu-
larly those that will provide environmental
enhancements and benefits. Third, agricultural,
environmental, and government representatives
are asking for greater coordination among agen-
cies responsible for managing the upper Missis-
sippi and lower Missouri Rivers. The Fourth
theme suggested is the genuine interest h under-
standing the flood of 1993. Other comments
from the June 1994 meetings focused on specific
problem areas, often calling for detailed sohl-
tions.

In November 1994, 13 meetings were
held at locations within the study area (see
Figure 11-1 ). These meetings followed the same

basic format: a set of slides and a script were
provided by the St. Paul District. The Rock
Island District varied somewhat by conducting a
focus meeting, before the public meetings were.
held, to help clarify the format and style of
presentation.

Many interested parties that attended the
November 1994 public meetings voiced concern
about a wide variety of issues involved in the
floodplain study. Some meetings were dominat-
ed by one main issue while others bad a discus-
sion on a wide variety of issues. Others provid-
ed written comments about their desires or
concerns. These comments were coded and
tabulated in a matrix format. Comments were
grouped into nine categories as desires and
concerns, shown by percentages on Figure 11-3.
The three main desires expressed were: 1)
structural flood control; 2) watershed manage-
ment; and 3) nonstructural flood control.
Other concerns were voiced or written and
categorized into six groups: 1) floodplain use,
storage capacity and characteristics; 2) existing
river management 3) value of the study; 4)
economics costs and benefits; 5) environmental
concerns; and 6) agricultural issues.

The following discussion provides fur-
ther evaluation of the comments received. One
of the limitations of this evaluation is its subjec-
tiveness and anecdotal method of recording
comments, Many of the comments mentioned
about people’s desires revolved around two
issues. (1) The first was structural methods of
flood control, especially levees: their good
qualities and the value of the 500-year levee.
Other recommendations were to raise heights and
build more levees. On the reverse side, some
people thought levees were high enough but
needed better maintenance and improved interior
drainage. Approximately a dozen people were in
the middle: they wanted to keep levees low and
reduce costs,
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(2) The second most mentioned desire was for
watershed management using optimum maaage-
nrent plans, including tributaries, hydrologic

setting, groundwater interactions, and the need
for a complete unalysis to take specific water-
sheds into account, Nonstmcturul flood control
was mentioned less often, but many comments
that relate to these desires were placed under
categories such as River Management, Environ-
mental, and Floodplain concerns. Six concerns
were listed: Rher Management (14.3 percent):
impacts of dredging, navigation, water levels,
recreation, and tbe need for river-wide policies;
Environmental (12.3 percent): concerns abnut
ecosystems, cumulative effects, water quality,
impacts to species, “social well-being, historic
preservation, and the value of wetlands; Eco-
nomics (14,3 percent): concerns expressed about
costs vs. benefits, measuring impacts by dollars
vs. acre, housing, maintenance and improvement
costs of levees, and the need for quicker tinan-
cicl response to flooding; Study (1 1.6 percent):
was very complex und difficult to understand,
needed more scenarios, lack of confidence in but
was well received at some meetings, is it worth
it? and what will happen when it is completed?;

Floodplain (8.0 percent): encroachment, property
value aad rights, lost storage capacity, land use,
hydrologic setting, and critical facility sites; and
Agricultural (5.3 percent): value, subsidies,
protection, aad flooding improves lurid fertility.
Information on how the comments were coded
can be found in Appendix D.

Many of the comments from the Novem-
ber 1994 public meetings and tbe second mile-
stone package dated September 15, 1994 were
addressed in the third milestone package dated
Jnnumy 18, 1995 and sent to the master mailing
list of approximately 200 governmental agen-

ties/otlces, interest groups and organization
representatives. The third milestone package

was zdso sent to other groups und individuals
who requested the information, as a separate
mailing from each District.

After the second set of meetings in
November 1994, the Public Involvement Work
Group discussed changes to the next round of

meetings and the need to identify the priorities
for the Policies/Programs and the Action Alter-
natives. A device was needed to allow individu-

als who would be attending the April 1995
public meetings to express their priorities in a
uniform, but effective way. Two evaluating
techniques were discussed at length: 1) the ballot
procedure and 2) the comment sheet, The
comment sheet was selected as the most favored
technique with the use of an increment scafe
from 1 (low) to 5 (high) to rate individual priori-
ties. An example of the comment sheet is in the
Public Involvement Appendix D. Before the
meetings were held, agencies, organiza-
tions/groups and individuals on the master and
District lists received the draft report. Other
individuals who later indicated a strong interest
in the study were sent either the draft report or
the Executive Summary with the Findings and
Conclusions, depending on their request.

The third set of public meetings were
held during the last two weeks of April 1995.
Eleven meetings were conducted within five
Districts. Haadouts were available to the public
at all meetings. They included: the Executive
Summmy, Hydraulic summaxy with tables of
aftemative actions affecting the floodplain, Find-
ings, aad Conclusions. Those in attendance were
given a comment sheet to till out before leaving

the meeting. The presentation format consisted
of a 30- to 40-minute slide show with a brief
narrative, The slides were prepared so that each
District could select from two action alternative
case stadies. The presentation was designed tn
educate the public by presenting the products
from the study, existing base conditions, policy
and program find~ngs, and action alternative

evaluations from the FPMA draft report. After
the presentation, those in attendance were asked
to complete the comment sheet, identifying their
priorities on PoliciesiPrngrams and Action
Alternatives, while keeping in mind that the goal
of floodplain management was to (1) minimize
the vulnerability of people to floods, (2) reduce
flood damages and costs, and (3) assure a
healthy floodplain environment.
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Responsestothecomment sheetques-

tionshave been recorded hy computer, using a
statistical package to quanti~ the results. The
majorityof tbepublicmeetingparticipantsthat

chose to completethe comment sheetsrepre-

sentedagriculturalinterests.Agriculturalinter-

estsfrom Rock Island, Kansas City, St. Louis,
and Omaha Districts had a combined total of 67
percent attendance, while the St. Paul District
had only 5.3 percent attendance for agricultural
interests, pulling tbe total down to 54.68 percent.
Other interest groups were not as well represent-
ed: borne owners = 1I .68 percent, government =
12.6 percent, and environmental = 5.8 percent.
Priorities were ranked by individuals who attend-
ed the April public meetings, Overwhelmingly,
all Districts gave a very high (5) priority rating
to: 1) protect critical facilities (56.4 percent);
and 2) upland retention and additional wa-
tershed measures (57 percent). Since the
attendance at most meeting sites consisted of a
majority of agricultural interests, correlations by
other interest groups are not necessarily repre-
sentative of the attitudes of a larger population
sample. Therefore, the measures of association
here are limited to the agricultural interests only.
Agricultural interests show an association with
raising agricultural levees, but not with uniform
levee heights, levee setbacks, or agricultural

support policies. That interest group also shows
a very low priority correlation with relocation
and mitigation programs, wetland restoration
programs, limited floodlighting, and removing
agricultural levees. An interesting observation
shows that these nasociations get stronger farther
south (below Moline) on the Mississippi River,
but are evenly distributed along the entire Mis-
souri River in the study reach. The results of the
tabulation by District follow.
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St.Paul District: Two meetings were held in St.Paul, Minnesota and in
LaCrosser Wisconsin. The number of people who attended was a small but diverse
group.

Attendance: total of 27
Responses received: 19
Primary interest of respondents:

Agriculture 5.3%
Commercial 10.5%
Government 26.3%
Home owner 26.3%
Environment 15.8%
Recreation 5.3%
Other 10.6%

Where respondents live:
Outside of flood plain 57.9%
Unprotected urban flood plain 26.3%
Protected urban floodplain 5.3%
Other 10.5%

The following priorities were rated by the respondents on an increment scale
from 1 to 5. A very high or very low indicates that more than 50% rated the
issue either 5 (Very high) or 1 (Very low) . A high or low indicates that more
than 50% rated the issue 4 or 2 (above or below neutral) .

Priorities on program and policies:

National flood insurance
State flood plain management
Local flood plain management
Relocation and mitigation
Disaster relief programs
Flood plain wetland restoration
Agricultural support policies

Priorities on alternatives:

Limit flood fighting
Remove agricultural levees
Agricultural levee setbacks
Uniform levee height
Raise agricultural levees
Raise urban levees
Protect critical facilities
Upland retention

St. Paul LaCrosse

High --
High --

High High
High --
-- Low
High High
-- Low

-. .-
Low --
-- --

--
Low Low
-- --

High High
High Very high

A correlation between the respondents, primary interest and bow the issue was
ranked showed differences in cminions. Associations
and their priority ranking of i) policies/programs
shown below:
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Interest Group

National Flood Insurance
State flood plain management
Local flood plain management
Relocation and mitigation
Disaster relief
Floodplain wetland restoration
Agriculture support policies

Limit flood fighting
Remove agriculture levees
Agricultural levee setbacks
Uniform levee height
Raise agricultural levees
Raise urban levees
Protect critical facilities
Upland retention

Environmental

High
High
High
High
High
High
Low

.-
High
High
--
Low
-.
Very high
Very high

Government

--

High
High
High
--

Very high
-—

High

High
--

Very low
--

Very high
Very high

Hone

Very high
Very low
Low
Very low
Very low
--
Very low

Low
Low
Low
Very low
Low
--
--

Rock Island District: Three meetings were held in Moline and Quincy, Illinois;
and Burlington, Iowa. The majority of respondents attending were representing
agricultural interests. It must be cautioned that the numbers for those who
indicated a primary interest other than agriculture are relatively small and
the results do not necessarily reflect the attitude of a larger population.

Attendance: total of 167
Responses received: 145
Primary interest of respondents:

Agriculture 61%
Government 10%
Home owner 10%
Environment 6%
Other 13%

Where respondents live:
Protected agricultural flood plain 47%
Outside of flood plain 37%
Unprotected urban flood plain 8%
Other 8%

Priorities were rated by the respondents on an increment scale from 1 to 5.
A very high or very low indicates that more than 50% rated the issue either 5
(Very high) or 1 (Very low) . A high or low indicates that more than 50% rated
the issue 4 or 2 (above or below neutral) .

Priorities on the policy issues w@re fairly mixed. Only local floodplain
management received a high rating with more than 50% of the respondents
listing this policy as a 4 or 5. Only relocation and mitigation and
floodplain wetland restoration received low ratings.

The opinions on alternatives were more clear cut. This was primarily because
the issues were more understandable and could be perceived as having a more
direct effeet on the respondents. Levee setbacks received the only low rating
while all of the others received high ratings. Clearly, raising levees,
protecting critical facilities and upland retention were the preferred
alternatives. Results by meeting site are shown below:
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Priorities on program and policies:

National flood insurance
State flood plain management
Local flood plain management
Relocation and mitigation
Disaster relief programs
Flood plain wetland restoration
Agricultural support policies

Priorities cm alternatives:

Limit flood fighting
Remove agricultural levees
Agricultural levee setbacks
Uniform levee height
Raise agricultural levees
Raise urban levees
Protect critical facilities
Upland retention

Moline Burlington Quincy

Low High
High Low High
High High

Low Low
-- --

Low Very Low
High

--

--
High
Very high

Very lm.J
Very low
Very low
Very high
Very high
High
Very high
Very high

very low
Very low

Low
High
Very high
Very high
Very high
Very high

A correlation between the primary interest and the issue ranked also showed
differences in opinions .

Interest Group:

Flood Insurance
State flood plain management
Local flood plain management
Relocation and mitigation
Disaster relief
Floodplain wetland restoration
Agriculture support policies

Limit flood fighting
Remove agriculture levees
Agriculture lewee setbacks
Uniform levee height
Raise agriculture levees
Raise urban levees
Protect critical facilities
Upland retention

Agriculture

Very high

Very low

Very low

Very low

Low
High
Very high
Very high
Very high
Very high

--

High High
Very high Very high

High High
-— High

--
High

--

High
High

Low
--

High
High

Very high
Very high

It must be cautioned that the numbers for those who indicated a primary
interest other than agriculture are relatively small and the above results do
not necessarily reflect the attitude of a larger population.
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Kansas City District: Two meetings were held in Kansas City and Jefferson
City, Missouri The majority of persons attending represented agricultural
interests. The district was prepared for questions on the Missouri River
Master Manual by having a representative attend the meeting and discuss later.

Attendance: total of 108
Responses received: 76
Primary interest of respondents:

Agriculture 75%
Commercial 2.6%
Environment 1.3%
Government 7.9%
Home owner 9.2%
Recreation 2.6%
Regional Planning 1.3%

Where respondents live:
Protected agricultural floodplain 32.9%
Unprotected agricultural floodplain 21.1%
Outside of floodplain 32.9%
Protected urban floodplain 1.3%
Unprotected urban floodplain 10.5%
Other 1.3%

Priorities were rated by the respondents on an increment scale from 1 to 5.
A very high or very low indicates that more than 50% rated the issue either 5
(Very high) or 1 (Very low) A high or low indicates that more than 50% rated
tbe issue 4 or 2 (above or below neutral) ,

Priorities on program and policies:

National flood insurance
State flood plain management
Local flood plain management
Relocation and mitigation
Disaster relief
Flood plain wetland restoration
Agricultural support policies

Priorities on alternatives:

Limit flood fighting
Remove agricultural leVees
Agricultural levee setbacks
Uniform levee height
Raise agricultural levees
Raise urban levees
Protect critical facilities
Upland retention

Interest Group

National Flood Insurance
State flood plain management
Local flood plain management
Relocation and mitigation
Disaster relief
Floodplain wetland restoration
Agriculture support policies

Kansas City Jefferson City

-. -—

High -—
High High
-- .-

-—
Very low Very Low
High High

Very low -—

Very low Very low

Very low Very low
-- --
High --

High --
Very high Very high
Very high High

Agriculture Government Home

-— High
High High Very high
High High Very high
Low --

High Low High
Very low Very Low
Very high High High
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Interest Group Agriculture Government

Limit flood fighting
Remove agriculture levees
Agricultural levee setbacks
Uniform levee height
Raise agricultural levees
Raise urban levees
Protect critical facilities
Upland retention

Very low
Very low
Very low
High
High
High
Very high
High

--

Very low
Low
High
High
Very high
Very high

Home

Very low
Very low
Low
--

Very high
Very high
Very high
Very high

St. Louis District: Three meetings were held in A3.ton and Waterloo, Illinois
and in St.Peters, Missouri. The majority of persons attending represented
agricultural interests.

Attendance: total of 181
Responses received: 88
Primary interest of respondents:

Agriculture 59.1%
Government 8.0%
Home owner 10.2%
Environment 3.4%
Unknown 13.6%
Other 5.7%

Where respondents live:
Protected agricultural floodplain 61.4%
Outside of floodplain 30.7%
Protected urban floodplain 5.7%
Other 2.3%

The following priorities were rated by the respondents on an increment scale
from 1 to 5. A very high or very low indicates that more than 50% rated the
issue either 5 (Very high) or 1 (Very low) . A high or low indicates that more
than 50% rated the issue 4 or 2 (above or below neutral) .

Priorities on program and policies:

National flood insurance
State flood plain management
Local flood plain management
Relocation and mitigation
Disaster relief programs
Floodplain wetland restoration
Agricultural support policies

Priorities on alternatives :

Limit flood fighting
Remove agricultural levees
Agricultural levee setbacks
Uniform levee height
Raise agricultural levees
Raise urban le”ees
Protect critical facilities
Upland retention

A3.ton

--

High
Low
--

Low
--

-—

Very low
Low
--
--

St.Peters

High
High
--
--

Very low
--

Very low
Very low
Very low
--

-- --

Very high Very high
Very high Very high

Waterloo

High
--
High
Low
--
Very Low
Very high

Very low
Very low
Very low

Very high
--

Very high
Very high

A correlation between the primary interest and the issue ranked also showed
differences in opinions.
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Interest Group Agriculture Government Home

National Flood Insurance High High
state flood plain management -– Very high High
Local flood plain management High Very high High
Relocation and mitigation Low -- Low
Disaster relief -- High -.

Flood plain wetlands very low Low Low
Agricultural support pOliCieS High Low High

Limit flood fighting Very low -— Low
Remove agriculture leVeeS Very low Very low Very low
Agricultural levee setbacks Very low -- very low
Uniform levee height High -- Very low
Raise it$JIiCUltUKal levees Very high -- --

Raise urban levees -- Very high
Protect critical facilities Very high High Very high
Upland retention Very high Very high Very high

It must be cautioned that the numbers for those who indicated a primary
interest other than agriculture are relatively small and the above results do .
not necessarily reflect the attitude o.fa larger population.

omaha District: One meeting was held at Nebraska City, Nebraska. The majority
of persons attending represented agricultural interests.

Attendance: total of 60
Responses received: 37
Primary interest of respondents:

Agriculture 73.0%
Commercial 2.7%
Government 10.8%
Home owner 2.7%
Environment 2.7%
Industry 5.4%
Other 2.7%

Where respondents live:
outside of flood plain 43.2%
unprotected agriculture floodplain 8.1%
Protected agriculture floodplain 48.6%

The following priorities were rated by the respondents on an increment scale
from 1 to 5. A very high or very low indicates that more than 50% rated the
issue either 5 (Very high) or 1 (Very low) . A high or low indicates that more
than 50% rated the issue 4 or 2 (above or below neutral) .

Priorities on program and policies:

National flood insurance
state flood plain management
Local flood plain management
Relocation and mitigation
Disaster relief programs
Flood plain wetland restoration
Agricultural support policies

Omaha

-—
.-
High
Low
--
Very low
Very high
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Priorities on alternatives:

Limit flood fighting Very low
Remove agricultural levees Very low
Agricultural levee setbacks Very low
Uniform levee height High
Raise agricultural levees High
Raise urban levees High
Protect critical facilities Very high
Upland retention Very high

A correlation between the respondents primary interest and how the issue was
ranked showed differences in opinions. Associations between interest groups
and their priority ranking of 1) policies/programs and 2) alternatives is
shown below:

Interest Group Agriculture Government Industry

National Flood Insurance
State floodplain management
Local floodplain management
Relocation and mitigation
Disaster relief
Floodplain wetland restoration
Agricultural support policies

Limit flood fighting
Remove agriculture levees
Agricultural levee setbacks
Uniform levee height
Raise agricultural levees
Raise urban levees
Protect critical facilities
Upland retention

High
Very low

Very low
Very high

Very low
Very low
Very low
High
High
High
Very high
Very high

Very high
Very high
Very high
Very high

High
High

High
Low
High
High
Very low
Very low
Very high
Very high

Very low
Very low
High
High
Very low
Very low

Very low
Very low
High
High
Very high
Very high
Very high
Very high

It must be cautioned that the numbers for those who indicated a primary
interest other than agriculture are relatively small and the above results do
not necessarily reflect the attitude of a larger population.
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Conclusion

The open house format for the June 1994 meet-
ings contributed to the participants’ understrmd-
ing and provided them an opportunity to express

their views. Over 78 percent of the attendance
at the June meetings was represented by three
interest groups: 1) agricultural interests (34
percent), 2) self-interest (24 percent), and 3)
government interests (State, county, regional,
local, and city) (20 percent). The November
1994 public meetings were formatted to present
the study information and solicit comments. The
interest groups were not tracked at this meeting.
Many issues were brought out that focused on
structural and nonstructural flood control, water-
shed management, river management, floodplain

- issues, environmental concerns, study concerns,
economic issues, and agricultural concerns, The
format for the April 1995 public meetings was

changed to identi~ the interest groups attending
and their priorities on the policies, programs and
alternatives as presented in the draft FPMA
report.

Interagency team workshops with local, State
and Federal agencies took place during Febmary
1994, August 1994, October 1994, January 1995,
February 1995, and May 1995. Many of the

written and voiced comments from the Novem.
ber 1994 public meetings and workshops were
addressed in the third milestone package dated
Janumy 18, 1995 and sent to the master mailing
list of approximately 200 govenrmental agen-
ties/offices, interest groups, organizations and
other interested individuals.

The majority of attendrmce at the public meet-
ings represented agricultural interests. Over-
whelmingly, all interest groups within the study

area who chose to complete the comment sheets
at the April 1995 public meetings indicated a
very high (5) priority rating to 1) protect criti-
cal facilities (56.4 percent) and to use 2) up-
land retention and additional watershed
measures (57 percent). The desire for water-
shed management was also as strong an issue as

the desire for structural flood control. Since the
majority attendance at four of the five District
public meeting sites consisted of agricultural
interests, correlations by other interest groups are
not necessarily representative of the attitudes of
a larger population sample. However, there are
always exceptions. Since government agencies
attended team meetings and were represented at
all the public meetings, with a ratio of 8 to 26
percent attendance, it is important to identi~
their priorities. Government interests rated a
high to very high priority for local and State
floodplain management and a low priority for
removal of agricultural levees. Agricultural
interests showed a high association with raising
agricultural levees, but only south of Burlington,
Iowa, on the Mississippi River and on the Mis-
souri River. The above association does not
occur above Burlington, Iowa, and north to
St.Paul, Minnesota. Agricultural interests have
a very low association with wetlarrd restoration
programs, limited floodlighting, agricultural
levee setbacks, and removing agricultural levees.
An interesting observation is that these associa-
tions are stronger farther south on the Mississip-
pi River, but include the entire Missouri River
within the study reach.

For more information on the above, see Appen-
dix D. The coded matrix tables from each set of
public meetings and the written comments from
individuals, State/Federal agencies, organizations,
and interest groups are rdso included in Appen-
dix D - Public Involvement of the Floodplain
Management Assessment Report for the Upper
Mississippi and Lower Missouri Rivers. Also
included in Appendix D is the inventory data
collected for an Institutional Analysis.
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Findings

1l-a) Comments heard and read throughout
the public involvement prncess confirmed
strnng suppnrt fnr tbrce main themes: 1)
levees among agricultural interests, 2) non-
structural measures and upland watershed
management plans by all interests, and 3)
agricultural, environmental, and government
representatives are asking for greater coordi-
nating among agencies responsible fnr manag-
ing the upper Mississippi and lower Missouri
Rivers.

1l-b) Overwhelmingly, the priority response
throughout the region, at the April 1995
pnblic meetings, was tn 1) prntect critical
facilities and 2) use upland retention and
additional watershed measures.

1l-c) The success of any change in floodplain
management will require complex cnnrdina-

tion among all concerned interests (pubfic
agencies, private interest grnup.dorganiaations,
and local communities). Throughout all the
mestings and from written correspondence,
interest groups were asking for the opportuni-
ty for more involvement in the assessment
process. Partnering effnrts tn determine
future management options were mentioned
often.

n-d) Desire for total watershed management
was as strong an issue as the desire for stnrc-
tural flood control.

n-e) Any relocation program needs to pro-
vide financial resources for planning to assure
the cohesiveness of the affected community.
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CHAPTER 12- CONCLUSIONS

The enelyses conducted for this assess-
ment have been en attempt to qrrerrtify, to the
extant possible, relative impacts of implementing
a variety of eltemative policies, prngrmns, end
flood damage reduction messrues. In the evehra-
tion of these alternatives, it was rrccessmy to do
hydraulic modeling for the development of
rcletive water stages cempeeing the eltemetives
and to gather mrd organize aveilable economic
snd envirmunentel data. Some of the kcy prod-
ucts that me now aveilable for use by those
involved in making floodplain management
decisions include the following:

a) UNET (unsteady state flow) hydraulic model
from St. Paul, Minnesota, to Csiro, I1li-
nois, on the Mississippi River and from
Omnh~ Nebraska, to St. Louis, Missouri,
on the Missouri Rive~

b) Digitized lend use mapping;

c) The Environmental Resource Inverrtom for.,
the Upper Mississippi River, ~ower

I Misso~ River, arrd major tributmies;

d) Criticsl fsciIity inventory and maps;

e) Watershed mapping indicating aces of great-
est potential for wetlmrd restoration;

f) Historical account of the use of the floodplain

mrd flood control on the Mississippi and
Missouri Rivers;

g) Listing and information on the mmry orga-
nized “stakeholders” with direct interests
in future floodplain management deci-
sions;

h) A study that compared State floodplain man-
agement prngmnrs; nnd

i) Expended capability snd use of electronic
meil mrd Intcrrret for resenrch mrd data
transmission.

The following are the most significant
determinations resulting fmm the assessment.
These cenclusinns ere supported by the praccd-

~g ~ofi text and findings listed at the mrd of
RpOfi chepters.

● Corps rcsmvoirs performed well, reducing
flood water elevations along the mnin stems of
the Upper Mississippi and Lower Missouri
Rivers by seversl feet in most locations. Struc-
tural flood prntcction (urbnrr levees snd
floodwalls) performed as designed in protecting
large rrrbmr centers. The Congressional Genersl
Accomrting OffIce concluded that “most Corps
levees performed as designed and prevmrted
sign~lcrmt dmneges” (pge 11 of report dated
February 28, 1995). (Chapter 1)

* The total derneges prevented by reservoirs and
levees have bcmr
estimated at $11 billion mrd $8 billion, respec-
tively. (Chapter 1)

* Floods greater thmr the 1993 flood catastrophe
will happen in the future It would be prudent to
prepare for future floods huger thmr the 1993
event. When we nrc preperly prepnrcd for
catastrophic flood events, smeller floods will be
more eesily accommodated. (Chapter 1)

● Tbe Federal philosophy of floodplain manage-
ment recognizes that flood darrrage avoidmrce
measures should generelly be the first defense
sgsinst flooding, complemented by nonstruchrrnl
mrd stnrctnml flood protection measures where

appropriate, with public education srrd flood
insnrsrrce included as essentiel components to
address the residual risk of flooding. (Chapter 2)
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* At lenst 50 percent of the total 1993 flood
damages were agricultural and approximately 80
percent of the 1993 crop damages region-wide
were caused by overly saturated fields or other
factors unrelated to overbank flooding. These
losses would not have been affected by changes
in floodplain management policies. The best

option to address these damages is a rational
program of crop damage insurance, Crop insur-
mrce reform legislation (Title 1 of Public Law
103-354) was enacted late in 1994. (Chapter 3)

* For the 120 counties adjacent to the Upper
Mississippi nnd Lower Missouri Rivers and
several of their major tributaries that were the
focus of this assessment, urban damages substarr-
tially exceeded agricultural losses, Overbank
flooding and problems associated with urban
drainage nnd stonnwater runoff continue to occur
in a number of locations, as confirmed by the
1993 event. (Chapters 3 and 5)

* Expenditures for the 1993 flood through the
National Flood Insurance Program and the
Federal Crop Insurance Corporation were less
than half of the disaster aid payments made for
human resources and agricultural needs, (Chapter

I 3)

* A flood is the major way that exchanges of
nutrients, organic matter, and orgnrrisms take
place between the main channel and lateral
floodplain areas. Thus, even though levees do
prevent some environmental damages, they also

break the linkage of floodplain ecosystem com-
ponents. (Chapter 3)

* The definition of “floodplain location,” using

the 100-year flood outline, may not be adequate.
Twenty-four percent of all losses covered by the
National Flood Insurmrce Program for the years
1978-1993 were for damages outside (above) the

100-year floodplain. Some of these problem
areas are related to high grorrndwater from heavy
rainfall or poor interior drainage not directly
related to a general condition of overbank flood-
ing, (Chapter 7)

* State and local floodplain zoning ordinances
nnd regulations could be most effective in deter-
mining the siting of critical facilities that have
tbe potential for releasing toxic or hazardous
elements into the environment when flooded.
(Chapter 7)

* Future disaster assistance and insurance needs

could be significantly reduced if the problem of
repetitively dmrraged structures is firmly ad-
dressed through implementation of existing
regulations by local, State, and Federal agencies,
(Chapter 7)

* More extensive reliance on flood insurance
would better assure that those who invest, build,
and live in the floodplain accept appropriate
responsibility for the damages and other losses
that result from floods. (Chapter 7)

* More emphasis is now being placed on use of
flood hazard mitigation measures, especially
acquisitions of flood prone structures, as an
action that will reduce repeated Federal disaster
expenditures and other costs associated with
areas of widespread and potentially substantial
repetitive flooding. (Chapter 7)

* Conversion or restoration of a small percentage

nf agricultural land use to wetland or other
natural conditions can signiiicnntly increase the
existing percentage of natural floodplain acreage.
(Chapter 7)

* Current theories nn floodplain frrnctinn predict
that the area needed for an improvement tn the
natural biota is probably fairly small and that
restoration nf a series of natural floodplain

patches (a string of beads) connected by more
restricted river corridors would be practical mrd
beneficial. (Chapter 7)

* The criteria for identi~ing floodplain agricul-

tural lands that are most feasible fnr conversion
appe~ tO be those lands that: (Chapters 3, 7, and
9)
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a) currently are being farmed that might other-
wise be uneconomical, except for incen-

tive supports, including any outside costs
associated with constructing and main-
taining agricultural levees (e.g., the 80
percent Federat share on Public Law 84-
99 levee repairs);

b) could be restored or converted to a valuable
wetland at a reasonable cost;

c)would contributetoflooddamage reduction;

d) are vulnerable due to levees determined to be
inappropriately located, given hydraulic
conditions in the floodway; and

e) are owned by landowners who are willing to
voluntarily cooperate with the restoration
or conversion.

* Use of acreage reserve, acquisition, and envi-
ronmental restoration programs is an effective
way to remove vulnerable agricultural production
from marginal lands and to generate many
environmental benefits. (Chapter 7)

* Acreage reserve programs in upland areas have

significant environmental benefits in the areas
such as water quality, reduced sedimentation,
increased wildlife habitat, and reduced peak
mnoff for local flood reduction benefit for
frequent events, but do little to reduce stages on
the main stem rivers for catastrophic events.
(Chapter 7)

* From a hydraulic evaluation perspective, the
FPMA analysis illustrates that no single alter-
native provides beneficial results throughout the

system. Applying a single policy system-wide
may cause undesirable consequences at some
locations. Examination of many factors such as
computed peak stages, discharges, flooded area
extent, and depth within flooded areas is neces-

sary to evaluate how an alternative atTects per-
formance of the flood damage reduction system
as a whole. (Chapter 8)

* The importance of evaluating hydraulic im -
pacts systemically is clear from the results of the
unsteady state hydraulic modeling. Changes that
affect the timing of flood peaks or the “rough-
ness coetlcients” of the floodplain can be as
significant as changes in storage volume. (Chap-
ter 8)

* If the agricultural levees along the upper and
middle Mississippi River had been raised and
strengthened to prevent overtopping in the 1993
event, the flood stages on the middle Mississippi
River would have been an average of about 6
feet higher. Likewise, raising the levees to
prevent overtopping on the Missouri River would
have increased the stage by an average of 3 to 4
feet, with a maximum of 7.2 feet at Rule, Ne-
braska, and 6.9 feet at Waverly, Missouri.
(Chapter 8)

* Hydraulic routings assuming agricultural levees

are removed show that, with continued farming
in the floodplain, 1993 stages would be reduced
an average of 2 to 4 feet on the Mississippi
River in the St. Louis District. If this area
would have returned to natural forested condi-
tions, most of the system would still have shown
reductions in stage (up to 2,8 feet), but increases
in stages by up to 1.3 feet would also be seen in
a few locations. In the Kansas City District,
hydraulic modeling shows changes in stages of -
3 feet to +1 foot for no levees with agricultural
use and -3 to +4.5 feet with forested floodplains.
(Chapter 8)

* Modeling results demonstrated that agricultural
levee removal does not always provide uniform
stage and discharge reduction. When levees am
overtopped, they act as detention darns, skim-
ming volume off the peak portion of the
hydrography. When levees are removed, the flow
continues downstream in the enlarged floodway.
As a result, higher flows may be experienced
downstream at critical facilities and urbmr areas,
causing increased stages at these locations.
(Chapter 8)
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● Converting floodplain agricultural land to
natural floodplain vegetation would not reduce
stages but would margirrelly reduce dsrnege
psyments in the 1993 Midwest florid, Agrimd-
turril use of the floodplain is appropriate when
the residual damage of flooding is understood
snd accepted within a financially sound progrem
of crop insumnce and flood demage reduction
measures and when it is compatible with tbe risk
t. natural floodplain functions. (Chapters 7 end
8)

● Hydraulic modeling of reducing the runoff
kmt the upland watersheds by 5 sud 10 pement
ptedioted avemge stsge decreases of abuut 0.7
feet and 1.6 feet, respectively, on theupper and
middle Mississippi River and ebout 0.4 nud 0,9
foot, respectively, on the Lnwer Missouri River.
However, wetlend restoration messures alone
would not have echieved this level of runoff
reduction for the 1993 event because of the
extmm ely wet antecedent conditions. Resto-
ration of upland wetlands would produce local-
ized flood reduction benefits, but would have
little effect on main steru flnoding caused by the
1993 event. There are other reasons for why
restoration of upland wetkmds is very important,
such as reduced agricultural exposure to flood
demage, water quality, reduced sedimentation,
and increased wildlife habitat. (Chapter 8)

* Wetkmds may reduce lncal flonding in the
uplends by up to 25 percent where contributing
mcas am small. Restoration of such wetlends
would not have fiected flooding in the lower
floodplain reaches for the 1993 event because
most deprcssional areas were already full of
water throughout the watershed, es norrmdly
occurs during major flood events. (Chapter 8)

* The potential to reduce flnoding with further
upkmd meesures varies. In the watersheds that
contributed the greatest percentage of runoff,
wetlands rmd revised agricultural prectices would
have had minimal effect fnr the 1993 event.
Major structural flood control storage reservoirs
would be required to achieve the additional 10
percent volume reduction used for the analysis.
(Chapter 8)

* Witbout a proper nunlysis uf expected custs
and benetits over time, it is impossible to deter-
mine whether a pmticulsr alternative is indicated
for a particular site. (Chapter 9)

* The estimated costs arc $5.6 billion for reising
ell agricultural levees to contain the 1993 floud
in just the St. Louis District. While virtuslly ell
of the agricultural levee darn ege would be pre-
vented, substantially more of the unprotected
urbeu development in the city of St. Louis, St.
Louis County, and St. Cherles County would be
more severely damaged. Appmxirnately 60
miles of unprotected Mississippi River flundplrrin
below St. Louis with many rural and suburban
communities would suffer substantially increased
flood dernsges. (Chapter 9)

* Adopting a sterrdard 25-yeer level of protection
for all agricultural levees prior to the 1993 flood
would have resulted in an average stage reduc-
tion of about 3,5 feet on the middle/upper Mis-
sissippi River rmd about 2 feet nn the Missouri
River near its mouth, This decisinn would
require implementation fimding in the billions of
dollrm for structured modifications snd resl
estate interests and would have resulted in
significantly increased agricultural flood dmnsges
in 1993, (Chapter 9)

* Alternatives such as limiting floodlighting,
removing agricukursl levees (with lend use
rcmairriug agricultural), snd 25-year maximum
height levees appeer to have little net potentiel
for reducing flood impects. While flood stages
would be sumewhat reduced for these three
alternatives, prnviding some minor reduction in
nun-agricultural impscts, totel ema flooded
would increese dram aticslly. (Chapter 9)

* The ability of reservoirs to hold brick very
Ierge volumes of runoff and thus substrrntislly
reduce downstmsm flooding wes again proven
by the 1993 flood event. (Chapter 9)
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● The 100-year level of protection ofterr provides
a false sense of security. The Chestefileld-
Monarch area, located near St. Louis, experi-
enced $520 million darnages in 1993 despite
100-year private levee protection. Also, provid-
ing a levee with only a 100-year level of protec-
tion in err urban area allows for unrestricted

development within the prntected area. When
the 100-year flood event is exceeded, the result-
ing flood danrages arrd potential for loss of life
could be catastrophic. Consideration should be
given to such possible consequences of exceed-
ing the 100-year flood. (Chapter 9)

● Measures that would reduce darn ages during
future floods that are not dependent upon any
revised policies arrd progrmns irrclude: (Chapters
7 and 9)

a) Good maintenance of both the existing Feder-
al arrd non-Feder.sl levee system; arrd

b) State mrd local interests enforcing land use
policies to ensure that new floodplain
development does not occur or is con-
structed to minimize damage potential
(raising, floodproofing, etc.).

* A shift from dependence on disaater aid to
flood hazard mitigation (floodproofing, elevating,
or acquiring and relocating out of the floodplain)
and flood insurance appears to be occurring.
Examples of meaarmes that warrmrt further
consideration include: (Chapters 7,9, arrd 10)

a) acquisition of structures that are repetitively
damaged;

b) more widespread arrd stricter enforcement of
flood insurance requirements for individ-
uals, farmers, businesses, and communi-
ties (rdready weII underway);

c) enforcing strict consistency in eligibility for
the provision of disaster aid;

d) greatly increased emphasis on flood hazard
mitigation planning and implementation;

e) assuring that communities arrd individurds arc
sware of the degree of risk involved in
residing behind a levee in a floodplain,
especially with less tbarr Standard Pre-
ject Flood (SPF) level of prelection;

f) more effective floodplain management poli-
cies and zoning standards at the local
level to prevent flood prone develop-
ment

g) an exparrded boundary for flood risk zones to

go beyond designation of “100-year”
flood zones for flood insurance;

h) more upland waterahed retention meaarrres
that will hold or slow rainfafl mno~,
arrd

i) continue structural protection when systemic
analysis of impacts and life cycle costs
indicate this is the best solution, but with
an awareness of the risks associated with
induced development.

* Comments heard and read from the public
throughout the assessment followed three main
themes, with vmying degrees of acceptance
among the interest grnups: (Chapter 11)

a) Importrmce ofagricuknrallevees;

b) Need for shified emphasis to nonstructural
meaarrrcs and upland watershed mea-
SUrSS;mrd

c) Need for greater coordirration anrnng agencies
responsible for m mraging the upper
Mississippi arrd lower Missouri Rh’ers.

* Overwhelmingly, the priority response frem
the whole region, at the April 1995 public
meetings, was to 1) protect critical facilities mrd
2) use upland retention arrd additional watershed
measures. (Chapter 11)

* Through the Floodplain Marragement Assess-
ment (FPMA) arrafyses, the following efforts are

considered to have the greatest vafue in further-
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ing future understanding and enhancing sound
floodplain management directions:

a) InventoW and spatial database of levees and
other structures in the floodplain;

b) Inventory and Geographic Information System
(GIS) database of critical facilities in the
floodplain;

c) Additional hydraulic modeling (unsteady

state) with more detailed mapping and
coverage over portions of the main stem
rivers not yet modeled and for the larger
tributaries. (A system model, including
the Mississippi, Missouri, Illinois, Ohio,
and Arkansas Rivers, is scheduled to be
available by the end of Fiscal Year
1996);

d) A real-time,unsteadystatehydraulicmodel

and tributary rainfall forecasting models
for predicting flood crests in future flood
emergencies;

e) Updated hydrology and hydraulics data, in-
cludingdischarge-frequencyrelationships
and water surface profiles;

f) More extensive data and hydraulic modeling

of upland watershed areas that have the
greatest potential for flood damage re-
duction;

g) Development and experimental testing of

biological response models that are
linked to existing hydraulic and hydro-
logic models;

h) If a system-wide plan for flood damage re-
duction is desired, economic data must
be collected, indicating the specific
locations and elevations of damageable
property; and

i) Maintain and update the environmental GIS
database that has been developed in this
effort. This database can SeIVe ~ ~

important resource in developing flood-

plain management strategies for specific
reaches and in developing a systemic
management plan for natural resources.
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ATTACHMENT 1

Executive Summaries of Four Key Pcecedhig Reports

1. Intemg encv Flooddsin Msmwtement Review Committee Reoorl (Gelloway Report)

Copies cse be obtained by mntacting the following offhx

U.S. Government Printing Offke
Superintendent of Documents
Mail Stop: SSOP
Washington, D.C. 20402-9328
(few $14.00)

The Exeautive Summery of the Committee’s June 1994 repert entitled “Shsring the Chellonge:
Floodplain Msnegement inte the 21st Century” is provided below:

The upper Mississippi and Missouri Rivers and their tributaries have played a
major role in the nation !rhistoty T?teir existence was critical to the growth of the
Upper Midwest region of the United States and fostered the development of maJor
m“ties and a transportation network Iinking the region to the rest of the world. The
floodplains of these rivers pravide some of the most productive farmland in the
country. They a~er diverse recreational appartunities and cantain impartant
ecological systems. While devdopment af the region has produced sigmj?cant bene~ts,

it has not always been conducted in a wise manner. As a result, io&y the nation
faces three major prablems:

First, as the Midwest Flood af 1993 has shawn, people andproper~ remm’n at
n“sk, not only in the jloo+lains of the upper Mississippi River Basin, but ako
throughout the nation. Many of those at risk& not filly understand the nature and
the patential consequences of that risk; nor do they share fidly in the fiscal
implications of bearing that risk.

Second, ardy in recent Wars has the nation came to appreciate filly the
signi@cance of the fragile ecosystems of the upper Mississippi River Basin. Given the
tremendous lass of habitai over the last two centuries, many suggest that the nation
now faces severe ecological consequences.

Third the division of responsibilities for floodplm’n management among
federaI, state, tribal and locaI governments neea% clear definition. Currently, attention
to floodplain management varies wi&ly among and within federal, state, tribal and
local governments.

The Interagency Floo@ain Management R~”ew Committee propases a better

way to manage the nation’s floodplains. This report not only describes the nature and
extent of the 1993 flooding and government efforts to cope with the event but also
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presents a blueprint for change. This blueprint is directed at both the upper
Mississippi River Basin and the nation as a whale. Its faundatian is a sharing af
responsibilities and accountability amang all levels of government, business, and
private citizens. It provides for a balance amang the many competing uses af the
rivers and their jlaadplains; it recognizes, hawever, that all em”sting actiw”ties in the
jlaodplain simply cannot be discarded as inappropriate. Implementing this approach,
the Rw”ew Committee believes, will bring abaut changes necessa~ ta reduce jlood
vulnerabiliW to both the infrequent major fload events and the more frequent smaller
anes. Implementation also will reduce the enw”ronmental, social, and economic
burdens impased by current conditions on both pubIic and private sectors.

SHARING THE CHALLENGE - FEDERAL, STATE, TRIBAL AND LOCAL
GOVERNMENTS, BUSINESSES, CITIZENS

Since passage of the Flaod Cantral Act of 1936, the federal government has
dominated the natian ’sflood damage reductian efforts and, as a result, the nation h
floodplain management activi~. Structural pragrams were deemed impartant and
were alsa the principal saurces of funds far any efforts ta stem the rising tide offlaad.
losses. In recent years, the federal government has begun ta suppart nonstructural

approaches. Many states, tribes, and 10cal gavcrnments have devclaped and carried
out jiaadplain management effarts that both reduced jlaod damages and enhanced the
natural functians of floodplains. In carrying aut these programs, hawever, they have
been hampered by uncoordinated and conflicting federal pragrams, palicies,
regulations and guidelines that have hindered eficient jlaodplain management. Some
state and local governments have not been as active in floodplain management. With
the federal government assuming the daminant rale and funding mast ecosystem
restoration, Jlood damage reductfon, andjiood recavsry actiw”ties, the incentive has
been limited for many state, tribal and lacal governments, businesses, and private
citizens to share responsibility far making wise decisions concerning floodplain
actiw”~. Now is the time to:

* Share responsibility and accountability far accomplishing Jloadplain
management among all levels of government and with all citizens of the natian. The
federal government cannat go it alane nar shauld it take a dominant role in the
pracess.

● Establish, as goals for the future, the reductian af the vulnerabili~ af the
nation to the dangers and damages that result fram jlooak and the concurrent and
integrated preservation and enhancement af the naturaI resources and fimctions of
floo@dains. Such an appraach seeks to maid unwise use af the floodplain, to
minimize vulnerability when jikmdplains must be used, and to mitigate damages when
they do accur.

* Organize federal pragrams to praw”de the suppart and the teals necessaiy
for all levels of government to carty aut andpartictpate in effective floodplain
management,
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COMMITTEE FINDINGS

In conducting the r~”ew, the Committee divided its pndings into two areas:
the Midwest Flood of 1993, and Federal, State, Tribal, and Local Floodplain
Management.

The Midwest Flood of 1993

In rsviewing the Midwest Flood of 1993, the Committee found that:

* 7%e Midwest Flood of 1993 was a hydrometeorological event unprecedented
in recent times. It was caused by excessive rainfall that occurred throughout a
significant section of the upper Mississippi River Basin. The damaging impacts of this
rainfall and related runoff were felt both in upland areas and in the jloo+lains. Pre-
jlaod rainfall saturated the ground and swelled tributary rivers. Subsequent rains
quickly filled surface areas, forcing runoflinto the Iawer lands and creating flood
conditions. The recurrence interval of the flood ranged from less than 100 years at
many locations to near 500 years on segments of the Mississippi River from
Keithsburg, Illinois, to above St. Louis, Missouri, and on segments of the Missouri
River from Rule, Nebraska, to above Hermann, Missouri. At 45 U.S. Geological
Survey (USGS) gaging stations, the flow levels exceeded the 100-year mark. The
duration of the f700d added to its signl~cance. Many areas were under water for
months.

● Rainfall andjloods like the 1993 event will continue to occur. Flaoak are
natural repetitive phenomena. Considering the nation’s short history of hydrologic
record-keeping as well as the limited knowledge of long-term weather patterns, Jlood
recurrence intervals are dl@dt to predict. Actiw”ties in the floodplain, even with
levee protection, continue to remain at risk.

* The loss of wetlandr and upland cover and the modification of the Iana%cape
throughout the basin over the last century and a half signij?cantly increased runofi
Most lasses occurred priar to 1930, but some are related ta more recent drainage,
flood damage reduction, and navigation development. Althaugh upland watershed
treatment and restoration of upland and bottomland wetkm~ can reduce flood stages
in more frequent flooak (25 years and less), it is questionable whether they would have
signij?cantly altered the 1993 conditions.

● Human actiw”p throughout the basin has caused signijcant loss of habitat
and ecosystem diversity. Flood damage reduction and nw”gation works and land use
practices have altered bottom land habitat adversely.

* The costs to the nation from the flood were extensive. Thirty-eight deaths
can be attributed directly to the jlood, and estimates of fiscal damages range from $12
billion to $16 billion. Agriculture accaunted for over half of the damages. More than
70 percent of the crop disaster assistance payments were made to counties in upland
areas where ground saturation prevented planting or killed the crop. Nearly 50
percent of the approm”mately 100,000 homes damaged suffered losses due to
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groundwater or sewer backup as opposed to riverine fiooding. Flood response and
recove~ operations cost the nation more than $6 billion. In addition, many costs
cannot yet be quantified. Impacts on businesses in and out of the basin have not been
calculated. Tax losses to governments are unknown. The impacts of the jlood on the
population k physical and mental well-being are just being tdenh~ed and are of
concern.

9 Flood damage reduction proj”ects and floodplain management programs,
where implemented, worked essentially as designed and significantly reduced the
damages to population centers, agriculture, and indushy. It is estimated that
reservoirs and levees built by the U.S. Army Corps of Engineers (USA CE) prevented
more than $19 billion in potentiaI damages. Large areas of Kansas City and St. Louis
were spared the ravages of the flood, although ssveral suburbs suflered hemy
damages. Watershed projects built by the Soil Conservation Sem”ce saved an
estimated additional $400 billion. Lana% use controls required by the National Flood
Insurance Program (NFIP) and state floo~lain management programs reduced the
number of structures at risk throughout the basin.

● Many locally constructed Isvees were breached ana!/or overtopped.
Frequent[y, these events resulted in considerable damage to the [and behind the levees
through scour and deposition.

* Flooding during the 1993 event would have covered much of the floodplains
of the main stem lower Missouri and upper Mississippi Rivsrs whether or not levees
were there. Levees can cause problems in some cn”tica[ reaches by backing water up
on other lsvces or lowlands Locks and dams and other nm”gatton related structures
did not raise flood hetghts. For more frequent flooak - less jlow - nm”gation dikes

mv cause some minor increase in Jlood heights.

Federal, State, Tribal and Local Floodplain Management

The Review Committee examined the structure of current federal programs,
relationships among federal, state, tribal and local governments, the performance of
various programs during and afler the flood and the afier action reports stemming
from these activities. The Review Committee reached the follawing conclusions:

● The diw”sion of responsibilities for floodplain management actiw”ties among
and between federal, state, tribal, and local governments neeak to be clearly defined.
Within the federal system, water resaurces actiw”ties in general and flaadplain
management in particular need better coordination. State and local governments must
have a fiscal stake in floodplain management; without this stake, few incentives exist
far them to be fidly involved in jlaadplain management. State governments must assist
Iacal governments in dealing with federal programs. The federal gavemment must set
the example in Jlaadplain management actiw’ties.

* The National Flood Insurance Pragram (NFIP) neeak improvement.
Penetration offlood insurance into the target market - floodplain occupants - is very
law, 20-30 percent. Communities choosing not ta participate in the NFIP continue to
receive substantial disaster assistance. Provision af major federal disaster assistance
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to those without insurance creates a perception with many J700+lm”n residents that
purchase offload insurance is not a worthwhile investment. The mapping program is
under~nded and needr greater accuracy and coverage. Some requirements within the
program that vary from disaster to disaster need stabilization.

● The principal federal water resources planning document, Pn’na”nles and
Guidelines, is outdated and does not reflect a balance among the economic, sociaI,
and enw”ronmental goals of the nation. The lack of balance is exacerbated by a
present inability to quantifi, in monetaty terms, some environmental and social
impacts. As a result, these impacts are frequently understated or omitted. Many
critics of Principles and Guidelines see is as biased against nonstructural approaches.

* Existing federal programs designed to protect and enhance the floodplain
and watershed enw”ronment are not as effective as they should be. They lack support,
flexibili~ and fimding, and are not well coordinated. As a resuIt, progress in habitat
improvement is slow.

* Federal pre-disaster, response, recovmy and mitigation programs need
streamlining but are making marked progress. The nation clearly recognized the
aggressive and caring response of the government to the neea% offlood w“ctims, but
coordination problems that dsve[oped need to be addressed. Buyauts offloodprone
homes and damaged Ian& made considerable inroah in reducing@ure flood losses.

* I%e nation neea3 a coordinated strategv for effective management of the
water resources of the upper Mississippi River Basin. Responsibility for integrated
navigation, f70ad damage reduction and ecosystem management is diw”ded amang
ssveral federal programs.

● The current flood damage reduction system in the upper Mississippi River
Basin represents a loose aggregation of federal, local, and individual levees and
reservoirs. This aggregation does not ensure the desired reduction in the vulnerabiIi~

of floodplain actiw”ties to damages. Many levees are poorly sited and will fail again
in the fidure. Without change in current federal programs, some of these levees will
remain eIigible for post-disaster support. Levee restoration programs need greater
jlextbili~ to prow”de for concurrent envtranmental restoration.

* The nation is not using sa”ence and technology to full advantage in
gathering and disseminating critical water resources management information.
Opportunities exist [a provide information needed to better plan the use of the
floodplain and to operate during crisis conditions.

COMMITTEE RECOMMENDATIONS

The Rm”ew Committee developed recommendations in consonance with the proposed
goals:

● To ensure that the floodplain management effort is organized far success,
the President should:
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Propose enactment of a Floodplain Management Act which establishes a
national model for floodplain management, clearly delineates federal, state,
tribal, and local responsibilities, provides j7scal support for state and local
floodplain management activities, and recognizes states as the nation h
principal floodplain managers;

Issue a rm”sed Executive Order clearly defining the responsibility of federal
agencies to exercise sound judgment in j70adplain actiw”ties; and

Activate the Water Resources Cauncil to coordinate federal and federal.state-
tribal actin’ties in water resources; as appropriate, reestablish basin
commissions to prow”de a forum for federal-state-tribal coordination on
regional issues.

* To focus attention on comprehensive evaluation of all federal water project
and program effects, the President should immediately establish environmental quali~
and natianal economic development as co-equal objectives ofplanning conducted
under the Principles and Guidelines. Principles and Guidelines should be rm”sed to
accommodate the new objectives and to ensure full consideration of nonstructural
alternatives.

* To enhance coordination of pro]”ect development, to address mu[tip[e
objective planning, and to increase customer sem”ce, the A dministratton should
support collaborative efforts among federal agencies and across state, tribal, and local
governments.

* To ensure continuing state, tribal and local interest in floodplain
management success, the A dministratian should praw”de for federal, state, tribal,
an&or local cost-sharing in pre-disaster, recovery, response, and mitigation actiw”ties.

* To prow”de for coordination of the multiple federal programs dealing with
watershed management, the A dministratian should establish an Interagency Task
Force to dsvelop a coordination strategy to guide these actions.

* To take full advantage af em”stingfederal programs which enhance the
floodplain environment and provide for natural storage in bottomlands and uplands,
the Administration should:

Seek legislative authority to increase past-disaster Jlem’bility in the execution
of the land acquisition programs;

Increase enw”ronmental attention in federal operation and maintenance and
disaster recove~ actiw”ties;

Better coordinate the environmentally-related land interest acquisition
actiw”ties of the federal government; and
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Fund, through existing authorities, programmatic acquisition of needed Ian&
porn willing sellers.

* To enhance the eficienqv and effectiveness of the National Flood Insurance
Program, the Administration should:

Take vtgoraus steps ta imprave the marketing afjlood insurance, enforce
lender compliance rules, and seek state support af insurance marketing;

Reduce the amaunt of post-disaster suppart to those wha were eligible ta buy
insurance but did not to that level needed to prow”de for immediate health,
safety, and welfare; praw”de a safety net far low income fload w“ctims wha
were unable to afford jlood insurance;

Reduce repetitive loss outlays by adding a surcharge to j.laod insurance
policies fallawing each claim under a palicy, praw”dtng for mitigation
insurance riders, and supporting other mitigation actiw”ties;

Require those wha are behind levees that prow”de protection against less than
the standard proj”ect jlood discharge to purchase actuarially based insurance;

Increase the waiting periad for activation ofjlood insurance palicies from 5 to
15 days ta avaidpurchases when flooding is imminent;

Leverage technalo~ to improve the timeliness, coverage, and accura~ of
jlood insurance maps; support map development by Im”es on the policy base
and from appropriated funds because the general taxpayer benefits from this
program; and

Prow”de for the purchase of mitigation insurance to cover the cost of elevating,
demolishing, or relocating substantially damaged buildings.

* To reduce the wdnerabilily to j.load damages of thase in the floodplain, the
Administration shauld:

Give fill consideration to all possible alternatives for vulnerabili~ reduction,
including permanent evacuation offloodprane areas, flood warning,
jloadproofing of structures remaining in the jloo+lain, creation of additional
natural and artificial storage, and adequately sized and maintm”ned levees and
other structures;

Adapt jlaod damage reduction guidelines based an a revised Principles and
Guidelines which wauld give full weight to social, econamic, and
enw’ronmental values and assure that all vulnerabili~ reduction alternatives
are given equal consideration; and

Where appropriate, reduce the vulnerability af population centers and critical
infrastructure to the standard project jlood discharge through use of
jloo+lain management activities and programs.
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* To ensure that a“sting federaIly constructed water resources projects
continue to meet their intended purposes and are reflective of current natianal social
and enw”ronmental goals, the Administration should require periodic rm”ew af
completed projects.

● To prow”de for eficien~ in operations and for cansistenqv af standards, the
Administration should assign principal responsibility for repair, rehabilitation, and
construction of levees under federal pragrams ta the U.S. Army Carps of Engineers.

● To ensure the integn”~ of [ewes and the enw”ronmental and hydrmdic
efficiencies of the floa~lain, states and tribes should ensure proper siting,
canstructian, and maintenance of non-federal Icvees.

● To capitalize on ihe successes in federal, state, tribal, and local predtsaster,
response, recove~, and mitigation effarts during and fallawing the 1993 flood and io
streamline Jiiture efforts, the Administration should:

l%rough the NFIP CommuniW Rating System, encourage states and
communities to develap and implement floodplain management and hazard
mitigation plans; <

Prow”de flmding for programmatic buputs of structures at risk in the
floodplain;

Prow”de states the aptian af receiwng Section 404 Hazard Mitigation Grants
as bIack grants;

Assign the Director af the Federal Emergenqy Management Agenqv
responsibility for integrating federal disaster response and recovery
aerations; and

Encaurage federal agencies to use non-dtsasterfindtng ta support hazard
mitigation activities on a routine basis.

* To prow”de integrated hydraIagic, hydrau!ic, and ecosystems management af
the upper Mississippi River basin, the Administration should:

Establish upper Mississippi River Basin and Missouri Rive-r Basin commissions
to deal with basin-level program coordination;

Assign responsibility, in consultation with the Cangress, ta the Mississippi
River Commission (MRC), for integrated management afflood damage
reduction, ecosystem management, and nm”gatton an the upper Mississippi
River and tributaries; e.qxmd MRC membership to include representation porn
the Department af the Interior; assign MRC responsibility far devdopment of
a plan to prow”de Iang-term central and maintenance af sound federa!ly built
and federally supported levees slang the main stems of the Mississippi and
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Missouri Rivers; this support would be contingent on meeting appropriate
engineering, enw”ronmental, and social standardw

Seek authorization from the Congress to establish an Upper Mississippi River
and Tributaries project for management of the federal damage reduction and
nm”gation acttw”ties in the upper Mississippi Rivsr Basin;

Establish the upper Mississippi Rivsr Basin as an additional national cross-
agency Ecosystem Management Demonstration Project; and

Charge the Department of the Interior with conducting an ecosystems neede
analysis of the upper Mississippi River Basin.

● To provide timely gathering and dissemination of the critical water
resources information needed for floo@ulain management and disaster operations, the
Administration should:

Establish an information clearinghouse at USGS to prow”de federal agencies
and state and local activities the information alrea~ gathered by the federal
government during and following the 1993 flood and ta build on the
pioneering nature of this effort; and

Exploit science and technola~ to support monitoring, analysis, modeling, and
the development of decision support sysiems and geographic information for
jZoodpIain activities.

2. Preliminaw Reuort of the Scientific Assessment end .%ste~ Team (SAST\

Copies can be obtnined by contacting the following office:

U.S. Government Printing OffIce
Superintendent of Documents
Meil Stop: SSOP
Washington, D.C. 20402-9328
(fw $14.003

A summary fmm the SAST report is pmvidcd below:

The SAST built a vast multilaye-r, multiresolution database covering the Upper
Mississippi River Basin. The data densities vary spatially depending on the intensi~
of stub that is required of the SAST. The most concentrated and complete data are
slang the jioodplains of the upper Mississippi and lower Missouri”.Rivers becouse
these floodplains represent the areas of most immediate interest to policy makers
dealing with questions about respanse io the 1993 jlaod, the Federal levee sysiem, and
habitat restoration. The data are most sparse on the Upper Missouri River Basin
upstream of Gw”ns Point, South Dakota. The pn”mary purpose of the Upper Missourt
River Basin data sets is to form a baseline of data and information for fiture studes
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since that area did not contribute appreciably to the flood of 1993. Intermediate data
densities are in the areas that contributed ta the 1993 jlaoak. The database cantains
advanced very high resolution radiometer (A VHRR), Landsat Thematic Mapper ~),
and ather satellite data; elevation data; selected digitized photographs; histan”cal
channel geometries; artlj?cial structures; geologic, biologic, hydralagic, hydrographic,
hazardaus/tom’c, and soil survey data; and data an many ather topics.

Same afthe SASTproducts include special maps, demonstrations of data

applications, decisian ~les far identifying high priori~ habitat sites, methoak for
identijjing reasonable alternative levee lacatians, and new understanding of the
influence of variables such as focused jlaad-jlaw energy, the relationship between
historical and current channel and sedimentation and SCaUr, and land USe an the

impact afjloads on the lawer Missouri and upper Mississippi River Jloadplains. The
use of these products for management and decision-making will be the subject af
fiture scientific and management activities,

Data ta papulate the database and information for the preliminary report
came fram many sources including Federal agena”es, state governments, universities,
and nangovernment organizations (jrivate industry and interest groups). Mast data
sets were madified from existing available data ta make them intercamparable, to
farmat them unformly, ar to otherwise imprave their quali& Due to time Iimitatians,
many problems encountered in the data were identl~ed in the metadata and nat
corrected when entered into the database. Quality assurance is an angoing effart.
Many data sets that were in the form af maps and tabular listings were digitized and
included if they were useful far answering questions raised in the decision-making
process. Some data sets were built completely fram scratch because af the critical
need far them and their lack of availability.

3. 1993 Post-Flood Reuort - CorDs of Engineers

Copies can be obtsined by contacting the following offkes:

Rock Island District, Corps of Engineers
P.O. Box 2004
Rock Iskmd, IL 61204-2004

or
Omaha District, Corps of Engineers
215 North 17th Street

Omaha, NE 68102-4978

The reportincludesa main reportand 5 separatelybound appendicesforeachofthe5 Corpsof

Engineers Districts, as follows:

- Appendix A - St. Paul District Report
- Appendix B - Rock Island District Report
- Appendix C - St. Louis District Report
- Appendix D - Omaha District Report
- Appendix E - Kansas City District Report

The Summary mrd Conclusions of the report are provided below:
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SUMMARY AND CONCLUSIONS

The jlood of 1993 was an unusual and signij2cant hydrometeorological event
that devastated the Midwest. The flooding of the Mississippi and A4issauri Rivers
resulted in the death of 47 people and caused between $15 and $20 billion in damage.
The 1993 jZood was distinctive from all other record floods in terms of its magnitude,
severi~, the resulting damage, and the season in which it occurred.

Excessive precipitation during April through July 1993 produced severe or
record~ooding in a nine-state area in the upper Mississippi River basin. Excessive
precipitation also affected the Missouri River basin, adding to the jlood’s areal extent
in three states. The rainstorms that caused the Flood of 1993 were unique both in the
size of the flooded area and in the fact that the storms resulted in the Mississippi and
Missouri Rivers cresting within the same week. As a result of severely high water
along the Mississippi River below Dubuque, Iowa, barge trafic was suspendedfiom
late June until mid-August 1993.

Although, typically, flooak occur in the spring, this flood occurred throughout the
summer along the Mississippi and Missouri Rivers. Flooding and water levels above
the flood stage continued through the middle of September and many regions along
the Mississippi River remained above flood stage far mare than 6 months.

Corps reservoirs along the upper Missouri River were able to store much of
the excess runoff in Montana and North and South Dakota. Hawcver, on the Missouri
River, downstream of Omaha, Nebraska, the reservoirs could not accommodate the
record runo~ Portions of the A4issauri River were above jlood stage for several
months. On the Mississippi River, there are. only three reservoirs with significant
storage capacity above St. Louis, Missouri. These three reservoirs are located in Iowa
and are operated by the Rock Island District for jlood-reduction purposes. The Corps
reservoirs were able to reduce the Mississippi River stage downstream of Keokuk,
Iowa. Because of the prolonged runoffperioh, the mm”mum crest reductions from
the operation of Coralw”lle, SaylorWlle, and Red Rock Resewoirs amounted to 11
inches at Quincy, Illinois, and Hannibal, Missouri.

Even with these three reservoirs, the Flood af 1993 was in excess of a 100-year flood
and, in some areas, perhaps even a 500-year flood. However, the people affected by
this tremendous flood found little comfort in knowing that this was a rare occurrence.

As the local, state, and federal agencies prepared to provide cleanup and
other assistance, additional rains in late August and September pralonged the soggv,
wet conditions and caused further delays. Afier most jloadwaters had receded, heavy
rainfall in mid-November resulted in a third disaster declaration on December 1,
1993, for southeastern Missouri.

The Corps prow’ded, on a priori~ basis, the emergency repairs af many
@real and nonfederal levees. The urgency concerned the need to try to provide
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closures to breached levees and rehabilitate pumping facilities to protect against
eventual spring 1994 Jlooa%. The weather was cooperative in that a freeze-up did not
o=xar until afler the time it normally occars in mid-December.

The weather also cooperated by producing few spring 1994 flooa3 of only
small magnitude. This has allowed for many additional repairs to take place. Some
relocations of portions of towns - such as Valmeyer, Illinois, and Chelsea, Iowa - are
now taking place or getting underway

The Corps of Engineers had no authority to fitndflood-damage collection
efforts for this Post-Flood Report. Therefore, no new flood-damage estimates were
obtained. This report and its five appendices present some damage estimates
dew-loped by local, county, and state agencies. Recently released reports by the
Federal Emergency Management Agenqv (F&WA) pravtde information concerning
dollars paid out for assistance under its various authorities. These reports prow’de
data for Kansas, Illinois, Minnesota, Missouri, Nebraska, and Wisconsin. The actual
jlaod-damage information is e~ected to be provided in the Corps Floodplain
Assessment stub, which is underway at this time. The report is to be released during
the summer of 1995.

There are many accounts of the efforts of volunteers and the flaod w“ctims wha
helped during the Jlood and immediately aJienvard to t~ to restore their !ives in the
affected areas. Some of these accounts are documented in news articles in many of
the local newspapers.

There are a number of publications and technical papers alrea~ written to
date that document and firther analyze the Flood of 1993. One of the most
comprehensive reports to date was prepared by the Interagency Flood Plain
Management River Committee, directed by Brigadier General Gerald E. Gallawqv.
Their report, entitled “Sharing the Challenge: Floodplain Management into the 21st
Century, ” was published on June 30, 1994. The committee had been appointed by the
Administration h Floodplain Management Task Farce. The report provides the
committee k findings and recommendations far action.

The repart represents the w“ews of the ro”ew committee and is based on
research and interactions with the federal, state, and local oficers, businesses, interest
groups, and indiw”duals in and outside the upper Mississippi River basin. This 6-
month effort is now in the hanak af the Administration.

In addition, a number of Interagenqv Hazard Mitigation Team reports were
prepared dae to the federal disaster declarations resulting from the Flood of 1993, as
required by FEM4. These reports prow”de actions that will reduce the potential for
fiture Ji’ood loss. Hazard-mitigation measures are actions that individuals,
organizations, and governments can take to reduce the effects of fiiture disasters.

Another report, the National Oceanic and Atmospheric Administration k
National Disaster Survey Report - l%e Great Flood of 1993, describes the FIoad af
1993 as an unprecedented hydrometeorological event since the United States started to
provide weather sem”ces in the mid-1800s.
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The media brought this disastrous event into the living rooms of all U.S.
citizens and prow”ded it to the world almost on a daily basis throughout the entire
flood event. No other natural disaster in U.S. history affected or touched so many
lives far so [ong a duratian as the Midwest Flaod of 1993.

7Ze Flaad af 1993 was the worstjhd ewnt e~erienced by the Midwest.
From the standpoint of moneta~ lass, it was the warst ever in the United States
because of its areal extent and long duration. Details af the damage caused by the
J7aod have been identified. Effective mitigation measures naw need to be implemented
in order to reduce jdure loss of lt~e andproper~.

Flooding from this event caused major highwqvs, bridges, and rail lines to be
closed for a long period of time. Ofim”als fram these entities now will be reassigning
their facilities to protect against jiture jlooak of this magnitude. Nm”gation was shut
dawn an the Mississippi Rivsr (see Table 6), closing a main transpartatian arte~ to
the Midwest. ln the aJiermath, mq”or efforts were carried out to restore the lock
operations on the Mississippi River. Many wastewater and water-supply fadities
were disrupted or evsn totally shut down, Oficials of these facilities are redesigning
them to prow”de greater floadprotection. Cast-e ffectivs measures far hazard
mitigation are epected to be incorporated into the repair cost of damaged public
facilities.

Damage to communities was extensive. Many are reassessing their sitiation
and seeking relocation opportunities. 0j6cials and owners are still evaluating the
relocation of residential structures that were hemily damaged.

Mq”or public power utilities sustained damage to electrical transmission and
distribution systems. Many af these damaged utilities will need to be relocated.

Finally, the damage ta farmland and pastures was sevsre. Same acreage may
nat be restored far agricultural purposes.

The federal Floodplain management policy is being reassessed. PassibiIities
for returning some of the floodplains to their naturaI state - particularly to wetlana% -
will be studied as part of the Corps “Floo@dm”n Management Assessment of the Uppsr
Mississippi and Lower Missouri Rivers and Their Tniwtaries” report. The impacts of
the Fload of 1993 are, therefore, sxpected to prow”de a pLwuted approach to
drastically reduce the Jlaod damage of@ure large flood events.
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I 4. 1993 Economic Damage Data Collection Retrort - Coros of Engineers

Copies can be obtained by contacting the following offke:

Commrmder, U.S. Arnry Engineer Division
Lower Mississippi Valley Division
ATTN: CELMV-PE-E
P.O. Box 80
Vicksburg, Mississippi 39181-0080

The division office can be contacted for instructions on accessing the data bese threugh INTERNET.
The hsrd cepy versions of the report have not been distributed at this time.
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ATTACHMENT 2

AUTHORIZATION DOCUMENTS

Congressional acts authorizing this Floodplain Management
Assessment, and the guidance memorandum from Headquarters, U.S.
Army Corps of Engineers, for the conduct of the assessment are
included in this attachment.
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FY 1994 Energy and Water Development Appropriations
Conference Report

H.R. 2445
(signed by President October 28, 1993)

The conference agreement includes $2,000,000for the Corps of
Engineere to conduct studies of the reaches of the up er Mis-
eiasi pi end lower Missoti Rivers end their tributanee

c1
~at were

flo ed in 1993. From within those funds, the conferees direct the
Secretary of the Army to initiate preliminary activities on a study
to aeaeae the ade uacy of current flood control measurea on the

“ 1“upper Mia?issippl lver end ita tributaries. The study should focus
on :dentif@n public facilities, industrial

t ]“ ‘i””
etrochemicel, hazardous

waate and ot er facilities which re uwe a dk]onal flood protection,
asaeas the ade uacy of current floo control measures, examine the
difference in$?ederai cost-sharing for construction and mainten-
ance “of flood control pro’ecte on the upper and lower Mississippi

I-IRiver system, evaluate t e cost-effectiveness of alternative flood
controi projects, and recommend improvements to the current flood
control system.
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B.B.-~ ~
COMMllTEE ON PUBLIC WORKS

AND TRANSPORTATION
SUITE2186 ~YBURN HOUSEOFflCESUIWING

WASHINGTON,OC 2001 S
(202122s4472 ..__- .._

mLmum —“*. - —,—
., “.-. .,.,-

-
, .“

.14-, -,.-

PURLIC NORXS ANU TRANsPoRTATIONCOIQiI~EE ON _ _____
U.S. HOUSE OF REPRSSmTATIVES

WASHINGTON, D. C.

REsOLUTION

Upper Hiasinsippi and Iawer BEimsouri Rivers
ana their tributuims

Dooket 2423

Rssolvsd by the Committee on Public works and Trmsis?ortation of
the United States House of Representatives, That, the Sa&retary of
the Army, acting through the Chief of Sngineers, shall review the
report of the Chief of Engineers on the !tiseissippi River between
Coon Rapids Darn, Ulnneeota, and the mouth of the Ohio River,
published as House Docunsnt 107, Eighty-first Congress, First
Sesision; Houee Document 281, Eighty-third Congress, Second Seesion;
House Document 247, Eight-third Congreee, Second Session; and the
reports on the 14issouri River and Tributaries, published as House
Document 238, Seventy-thirr2 Congress, Second Session; House Document
475, Seventy-eighth Congzees, Second Seesion, and other pertinent
reports, to determine whether modifications of the recommendations
contained therein are advisable at the present tine, in the interest
of flood control and related purposee. The Secretary of the Army
shall conduct comprehensive, systen-wide studies to evaluate the
flood control and flood plain management needs of the upper
Mississippi and lower Hissouri River and their tributarlee that were
flooded in 1993.

Adoptsd: November 3, 1993

A’2TEST:

ATT 2-3



DEPARTMENT OF THE ARMY
U.S.ArmvCC.IDSof Engineers

WASHINGTON. O.C. 20314.1KP3w
~.....>.

REPLv TO
ATTENTION 0.=:

CECW-PC ~ 4 DEC 1993

1 MEMORANDUM “FOR Commander, North Central Division

~

SU5JECT : ?looa Plain Management Assessment of the Uppez
Y.ississippi a?ciLower Missouri Rivers and their Tributaries

1. Enclosed is a copy of a resolution of the Committee on Public
Works and Transportation, United States House of Re?resentatives,
subject: Upper Mississippi and Lower Missouzi Rivers and their
Tributaries, Docket 2423, dated November 3, 1993 (enclosure 1).
In accordance with the following special instructions, you are
assigned the cask of conducting the subject flood plain management
assessment, serving as the lead to facilitate overall coordination
and completion of the study in a period not to exceed 18 months.

2. Funds are provided in the FY 94 Appropriations ?.ct (enclosuze
2, copy of Conference Report language) to initiate a flood plain
management assessment which addresses those reaches of the Upper
Mississippi and Lower Missouri Rivers and their tributaries that
were flooaed in 1993. The name and number of this study has been
designated as “Upper Mississippi and Lower Missouri Rivers and
zheir Tributaries - 13245”. This title will be used in.all
future cozres?ondence concerning this assessment .

3. If you believe there are compelling reasons foz corbining
this resolution with any currently outstanding stuciyresolution,
please notify me as soon as possible. In addition, please
provide a fact sheet utilizing the instruction in ~aragraph
A-2.5a and the format in illustration A-2.1 in Engineer Circular
(EC) 11-2-161, the FY 95 Program and Budget EC, dated 31 March

~
1993.

4. The time and funding resources available for this effort
require that it be accomplished on a broad and conceptual basis,
using a system approach to floodplain management (of which, flood
control is only one aspect thereof) . In conducting the study,
the formulation, evaluation and ranking of potential system
outputs should be viewed from the standpoint of what each
particular element (e.g., sub-basin) could contribute to or have
an effect on the overall system. We will provide you with
additional information that further defines the context as it
becomes available. In particular, White House efforts concerning
long-term options have been initiat~d and the mission statements
will be provided to your office as soon as they become available.
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CECW-PC
SUBJECT : Flood Plain Management Assessment of the Upper
Mississippi and Lower Missouri Rivers and their Tributaries

5. The study should be conducted within a systems context to
achieve the following general objectives:

a. describe the existing land and water resources in the
subject basins above the confluence of the Ohio River and make
projections for future conditions;

b. identify and array the desires of interested parties
,withinthe study area to appropriately reflect the diversity and
concern for future outputs from uses of flood plain resources;

c. describe how the array of land and water resources could
be used to provide potential outputs from uses of flood plain
resources (e.g., land use patterns (agriculture, Open Space,
rural, urban) , environmental outputs (acres of river, wetlands,
marsh, prairie, woodlands), etc.);

d. describe the forces (physical, social, political,
regional, national, etc.) impacting on the use of identified
alternative land and water resources (e.g., array in matrix form
overlapping, competing, and conflicting directions) ;

e. develop a broad array of alternative land and water
resource actions with the potential to vary the mix of outputs:

f. evaluate and prioritize alternative land and water
resource actiocs based on consultation and coordination with
affected Federal, state and local entities through a series of
public workshops or similar mechanisms; and

9. prepare a report documenting the assessment efforts and
provide recommendations for subsequent detailed studies.

6. We recognize that manpower is limited in the affected
districts and urge you to take advantage of staff from other
districts that may have available expertise.

7. My staff is available to provide assistance upon request.
Within 30 days of receipt of this memorandum, a proposed plan of
implementation should be prepared and an initial In-Progress
Review (IPR) meeting held to discuss how the’subject study
should be conducted. Additionally, the proposed implementation
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CECW-PC
SUE*CT z Flood Plain Management Assessment of theUpper
Mississippi and Lower Missouri Rivers and their Tributaries

plan should reflect the scheduling of appropriate follow-on IPR’s
to ensure that we are all in agreement with the direction in
which the assessment is proceeding.

2 Encls

s
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ATTACHMENT 3

Endnotes for Chapter 2 Historical Evaluation

1. This historical overview can be divided into three segments defined by ~ subjeet matter and the
extent of research. The fmt section is a history of who the principal actors were in shaping the
middle and upper Mississippi River and how those aetora came to have a stake in managing the river
by 1940. Thk section is baaed upon years of researeh and writing on these issues by the author, St.
Paul District hkterian, Dr. John Arrilnson. The second section examines the evolution of the floed
prelection infrastructure on the middle and upper Mississippi River and ita tributaries. About 2
months of research went into this section. The research entailed cempiling a table of all the prejects
authorized and constmcted in the subject orea. It also required examining, in a cursory marmer, the
history of floodplain management. For this reason, there is much less baekgromrd on why Congress
authorized the various flood control projects, and the history of floodplain management needs much
more aeedysis. The final section is the history of the Missouri River. Historian Dr. Jane Card of
the St. Paul District had about 2 weeks to put this section together. She relied largely on the Kansas
City mrd Omaha District histaries. This section also deserves much more research.

2. Frederick J. Dobney, Rivsr Engineers of the Middle Mississippi: A History of the St. Louis District,
U.S. Army Corps of Engineers, (Washington, D. C.: U.S. Government Printing Otlice, 1978), chap. 2.
Dobney shows that the Engineera carried out much more snagging and clearing on the middle
Mississippi River between 1824 and 1860, but they did so in tits and starts, due to inconsistent
funding from Congress. Louis C. Hunter, Steamboats on Western Rivers: An Economic and Techno-
logical History, (Harvard Univeraily Press, 1949; reprint New York: Octagon Books, 1969), chap. 2.

3. Dabney, Riw?r Engineers, pp. 52, 67-68.

4. Laws of the United States Relating to the Improvement of Riwms and Harbors, v. 1, House of
Representatives, H. DOG.No. 1491, 62d Cong., 3d sess., (Washington: Government Prioting Office,
1913), Chap. 138, p. 156; Roald Tweet, A History of Rock Island District, (Washington: U.S.
GovernmentPrinting Oilice, 1984), pp. 66-6t Dobney,River Engineers, pp. 44-45.

5. U.S. Congress, Senate,Report of the Select Committee on Transportation Routes to the Seaboard,
43d Cong., 1st seaa., 1874, S. Rep. 307, pt. 1, 7-8, 188, 198-99, 211, 213, 243; Dobney, River
Engineers, p. 50.

6. Dobney, Rfvsr Engineers, pp. 52-53.

7. U.S. Congress, House. “Mississippi River between Missouri River rmd St. Paul, Minn.” 59th Cong.,
2nd seas., H. Dec. 341, p. 3.

8. Dobney, River Engineers, p. 75.

9. Navigation Charta, Mississippi River, Ohio River to Minneapolis, Mirm., prepared by U.S. Engineer

OffIce, St. Louis, Missouri, September 1933.
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10. U.S. Congress, House, “Mississippi River From Cape Girardeau, Me., to Rock Island, Illinois,”
Mississippi River Commission, 63rd Cong., 2nd sess., H. Dec. No. 628, pp. 6-7; Charles W. Durham,
“Reclamation and Conservation of the Alluvial Lands in the Upper Mississippi Valley, Now and
Formerly Subject to Overflow,” .Etrg?neering and Contracting 37 (January 3, 1912)21-24.

11. “Mississippi River From Cape Girardeau, to Rock Island, Illinois: H. Dec.. No. 628, pp. 6-7. The
Mississippi River Commission had some florid control responsibilities on the lower Mississippi Rkr
since Congress established it in 1879,

12. From 1879 to 1885, 9 levee districts organized in Illinnis, claiming over 240,000 acres. This
represents almost one-third of IHinnis levee districts formed and over half of the acreage that would be
reclaimed along the Mississippi River in that State. Nani G, Bhowmik, et al., ?’he 1993 Flood on the
Mississippi River in Illinois, (Champaign: Illinois State Water Survey, Miscellaneous Publicatimr,
1994), p. 151.

13. Roald Tweet, Rock Island Disrric[, (Washington: U.S. Government Printing Oftlce, 1984), p. 291.
The discussion as tn why Congress did not authorize any more. flood control for the work until 1917
deserves much more research. My reasons are largely based on conjecture.

14. Laws of the United States, v. 1, pp. 419, 460, 511, 577, 637, 783; U.S. Army, Corps of
Engineers, Annual Reports of the Chief of Engineers, 1898 (Washington, D. C.: Government Printing
OffIce, 1866-1994), p, 1747. A former by-channel of the Mississippi River had gone around Sny
Island, The levee is located between miles 261 and 315. Water Resources Development in Illinois
1991, (Chicago: U.S. Amry Coqrs of Engineem, Chicago District, 1991), p. 48, hereafter all references
to the Water Resources Development bnoks will be abbreviated WRD atler the first reference.

15, River and Harbor Act of 1894, Laws of the United States, v. 1, p. 704. The 1896 Rivers arrd
Harbms Act authorized several other levee surveys tn improve navigation on the upper river, but
Congress dld not authorize work on these. See Laws of the United States, v. 1, River and Harbor Act
1896, pp. 783-84.

16. Annual Report 1896, p. 1776; Annual Report 1898, p. 174.

17, To further interior drainage of the 45,000 acres protected by the Flint Creek Levee, the Engineem
included 11 drainage pipes. River and Harbnr Act of 1895, Laws of the United States, v. 1, p. 732;
Tweet, Rock Island District, pp. 291-92; Annual Report 1902, pp. 1637-46; Annual Report 1915, p.
1881. The Warsaw to Quincy reach included the Hunt, Lima Lake and Indian Grave drainage districts,
which were among the upper river’s nldest and largest levee districts.

18. Todd Shallot, in a new work entitled Structures in the Stream, Water, Science, and the Rise of the
U.S. Army Corps of Engineers, (Austin: University nf Texas, 1994) challenges this assumption. He
argues that the monolithic perception that Congress and the presidents before the Civil War opposed
internal improvements or prevented any significant efforts in this regard is wrong. He shows that
there were two strong periods of Federal involvement in internal improvements. The first began in
1824 and lasted until 1838. He calls this the era of surveys, when the Government sponsored surveys
of mmry of the country’s rivers, harbors and coasts. The second, more short lived, was from 1850 to
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1853. But Shallot does not dispel the overall argument that the Federal Government didnot support a
kwge, sustained program of internal improvements. See Shallot, Chaptem 4 and 5.

19. In mr 1898 report for the Rock Island District, Captain C. McDonaldTownsend complained that
“the two methods of improvement are incompatible.” To Townsend, the uncoordinated buildlng of
levees threatened the Corps’ channel improvement works and, he predicted, would “only lead to

disaster.” He recommended preparing a comprehensive plan to integrate levee constmetion arrd
channel constriction, if Congress planned to authorize more. levee work. Annual Report 1898, pp.
1748-49.

20. “Mississippi River From Cape Girardeau, Mo, to Rock Island, Illinois; H. Doe. No. 628, PP. 6-7.

21. Dobney, River Engineers, pp. 78-79. River md H~bor Act Of 1913, LMVSOf the United States, v.
1, p. 1597.

22. Durham, “Reclamation mrd Conservation: p. 21.

23. Durham, “Reclamation and Conservation; p. 21.

24. For a general history of the conservation movement, see Samuel Hays, Conservation and the
Gospel of Eficiency, (Cambridge, 1959); Carolyn Merchmrt, cd., Major Problems in Environmental
History, (Lexington, Massachusetts, 1993), Chaps. 9-11.

25. Further study would help identi~ who exactly pushed for this act.

26. Flood Control Act 1917, Laws of the United States, v. 2, pp. 1703-1705.

27. Under this act, Congress directed the Corps to improve five levees on the upper Mississippi River
in Illinois. These included the Hunt arrd Lima Lake levees that the Engineers had first worked on
under the Warsaw to Quincy project, as well as levees in the Bay Island Drainage and Levee District
No. 1, the Drmy Drainage District, and the Henderson Comrty Drainage District No. 3. The Corps
improved or rebuilt these levees during the 1920s. See WRD Iilinois 1991, pp. 40, 42, 45-46. Eleven
years later, in the 1928 Flood Control Act, Congress directed the COTS to reinforce levees in six levee
districts. In both the 1917 and 1928 Flood Control Acts, Congress limited levee work to the
Mississippi River below Rock Island. Flood Control Act of 1928, Laws of the United States, v. 2, pp.
2004-07. This act “placed flood control on mr equal footing with navigation improvement mnong the
civil functions of the Corps.” Jamie W, Moore and Dorothy P. Moore, The Army Corps of Engineers
and the Evolution of Federal Flood Plain Management Policy, (Bouldec University of Colorado,
Institute of Behavioral Science, 1989), p. 4.

28, The Meredosia Levee mrd Drainage District, encompassing some 10,000 acres, was the only
significmrt levee district above Rock Island.

29. Flood Control Act of 1936, Laws of the United States, v, 3, pp. 2418-20.

30. The levee setback was for the reach between Beardstown, Illinois, and the mouth of the Illinois
River. Flood Control Act of 1936, Laws of the United Stares, v. 3, p. 2421.
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1
31. Laws of the United States, v. 3, 90th Cong., 1st Sess. House DOG.No. 182, pp. 2418-21,2778,
2888. Sae U.S. Congress, House, 78th Cong. 2nd Sess., H. Dec. 651.

1 32. Tweet, Rock Island District, p. 295.

33. Philip V. Scarpino, Great River: An Environmental History of the Upper Mississippi, 1890-1950,
(Columbia, 1985), chap 4.

34. U.S. Congress, House, Hearings before the Committee on Agriculture on H.R. 4088, “A Bill te
Establish the Upper Mississippi River Wild Life and Fish Refuge,” 68th Cong., 1st sess., Febrwwy 11,
12, 13, 1924, ~ashington, D. C., 1924), 35.

35. Will H. Dilg, “The Drainage Crime of a Centmy~ Izaak Walton League Monthly 1:11 (July,
1923). On August 10, 1923, at the request of the Chief of Biological Survey, Oberholsor impeded
the area. Drainage. advocates, according to Oberholser, planned te dredge and dike the main channel
and drairr the remaining land between the bluffs. He stmrrgly recommended against the drainage
project. See H.C. Oberholser, “The Winneshiek Drainage Project,” Iowa Conservation 7 (1923)9-10;
Scarpino, Great River, p. 131.

I 36. Scerpino, Great Rivar, p. 135

37. Herbert Quick, American Inland Waterw~s, Their Relation to Rm”Iwa.vTrarrspartatton and to the
National We@re; Their Creation, Restoration and Maintenance, (New York, 1909), p. 77. The 1920s
farm crisis made farm orgarrizations and farm equipment manufacturers some of the strongest
supporters of navigation improvements during this decede.

38. Roeld Tweet, History of Transportation on the Upper Mississippi & IIlinois Rivers, (Washington,
1983), p, 77; Herbert Hoover, “The Improvement of Our Mid-West Waterways,” The Annals of the

I American Academy 135 (January 1928), pp. 15-24; Idem., “Addrass at Louisville, Kentncky, Octabes
23, 1929, in celebration of the Completion of the Nine-foot Chamrel of the Ohio River ....” William
Starr Myers, cd., The State Papers and Other Public Writings of Herbert Hoover, vol. 1 (Nw York,
1934), pp. 116-22; Franklin Snow, “Waterways as Highways,” North American Rm”ew 227 (h@

I
1929), p. 592.

39.Johrr Axrfkson, the author of the assessment’s historical overview, has developed thk argument
extensively in a book that he is writing on the history of the upper river. Richard Hoops, in “A River
of Grain: the Evolution of Commercial Navigation on the Upper Mississippi River,” (Madkon:
University of Wkconsin Sea Grant Institute, nd) argues tbst a small clique of man pushed the 9-foot
channel project through and that it was a pork barrel project. One must consider his argument car-
efully, but he underestimates the power, depth arrd expense of the movement. Given the great interest
and popular support for this praject, it transcaeded simple pnrk barrel pmjccta.

I
40. Scarpino, Great River, pp. 46-47,

41. John Anfmson has had an article accepted for publication in Minnesota History, Smnmer 1995,
that examines the history of this project.
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42.Raymond H. M&n, Creatiti@, Conjlict & Controvert: A History of the St. Paul District, U.S.
Army Corps of Engineers. (Washmgtow U.S. Govwrnarent Printing Of@a, 1979), p. 195; U.S.

Congress, House, 69th Cong., 2d ssss., H. Dec. 583.

43. U.S. Congress. House, “Mississippi River, Between Mouth of Missorrri River and Minneapolis,
Mimr., Interim Repofi,” 71st Cong., 2d sess., House Dec. 290, p. 37.

44. U.S. Congress, House, “Survey of the Mississippi River between Missouri River end Minneapolis,”
72nd Cong. 1st sess., H. Dec. 137, p. 24.

45. “Mississippi River, Between Mouth of Missouri River and Minneapolis, Mina., Interim Report,” H.
Dec. 290, pp. 37, 45; “Survey of the Mississippi River between Missouri River and Minneapolis,” H.
Dec. 137, pp. 20-21. The report uses Muscatine,rather thaa Rock Island, as the point below which
levees lined the river. 1choose to use Rock lslend to be consistent with the division I have made be-
tween the river above aad below that city. Muscatine lies 27 miles below Rock Mend.

46. Dobney, River Engineers, p. 102.

47. Meare aad Moore, Flood Plain Management, pp. 35-36. W@ p. 36, argued that the corrntryhad
te change its pattern of floodplain occupation te “utilize most effectively the natural resources of the
plain, and, at the same time, of applying feasible and practicable measums for minimizing the
delrinrentat impacts of floods.” He pushed for taking all alternatives into consideration, not just
structural ones; see pp. 36-37.

48. Martin Reuss, “Coping with Uncertainty: Social Scientists, Engineers, and Federal Water
Resources Plarming~ Natural Resources Journal 32:1 (Winter 1992):119.

49. The Corps was thinking about floodplain managementpreblems et this time, however. At the
AmericemForestry Association Meeting, in 1937, Assistant Chief of Engineers General Max C. Tyler

said that greater sterms or gteatcr floods had not increased the flood contrel problem; more people
using the floodplain had caused the problem. Moore and Moore, Flood Plain Management, p. 35.

50. Flood Control Act of 1946, Laws of the United States, v. 4, p. 3026; WRD Illinois 1991, pp. 47,
48.

51. U.S. Congress, House, “Illinois River, 111.,”H. Dec. 692, 77th Cong. 2d Sess.; U.S. Congress,
House, H. Dec. 328, 77th Cong, 2nd Sess.; U.S. Congress, House, H. Dec. 651, 78th Cong. 2nd Sess.;

U.S. Congress, House, H. Dec. 336, 77th Cong. 2nd Sess.; Flood Contra] Act of 1946, Laws of the
United States, p. 2888-89; Tweet, Rock Island District, p. 297.

52. Des Moines is on the Des Moines River, Elkport is nn Elk Creak and the Turkey River, and
Grdena is on the Grilena River.

53. Flood Contrel Act of 1948, LOW’Sof the United States, v. 4, p. 3102; Water Resources Dew?lop-
ment in Minnesota 1993, (St. Paul: U.S. Army Corps of Engineers, St. Paul District, 1993), p. 25; St.
Paul District completed the Aitkin project in 1957.
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54. Flood Control Act of 1950, Laws of the United States, v. 4, p. 3 182; Water Resources Develop-
ment in Missouri 1991, (St. Louis: U.S. Arary Corps of Engineers, St, Louis District, 1991), pp. 8, 45,

55. Tweet, Rock Island, p, 306. Although recommended for construction, the Henderson County
Drainage District No. 1 project was not authorized; see U.S. House, “Mississippi River--Guttenberg,

Iowa, to Hamburg Bay, Illinois,” H. Dec. 281, 83rd Cong,, 2d Sess. These levees were included in a
report entitled “Mississippi River--Guttenberg, Iowa, to Hamburg Bay, Illinois,” all of which lies
withii the Rock Island Dkrict. Gutenberg itself lies within the St. Paul District, but the Rock Island
District begins just below Lock and Dam No. 10 at Gutenberg.

56, Flood ControI Act of 1954, Laws of the United States, v. 4, p. 3369. The act rdso recommended
work on levees protecting agricultural lmrds in the tiny Fish Lake [Levee mrd Drainage District] on the
Mississippi R&er near East St. Louis and on levees on the Upper Iowa River. Fish Lake has been
incorporated into the Prairie du Pent Levee District, For details on the Sny Island project, see U.S.
House, H, Dec. 247, 83d Cong. 2d, sess.

57. Flood Control Act of 1954, Laws of the Urrited States, v. 4, p. 3368, See “Mississippi River--
Guttenberg, Iowa, to Hamburg Bay, Illinois,” H. Dec. 281, 83rd Cong., 2d Sess.

58. Flood Control Act of 1958, Laws of the United States, v. 4, pp. 3530-31.

59. Flood Control Act of 1958, Laws of/he United Srates, v. 4, pp. 3530-31; U.S. House, “Rock and
Green Rivers, 111.,”H. Dot, 173, 85th Cong,, 1st Sess.; U.S. House, “Kaskaskia River, 111.,”H. Dec.
232, 85th Cong. 1st Sess.; WRD Illinois 1991, p. 81, the Carlyle project had been authorized under the
1938 Flood Control Act. See p. 82 for information on the Shelbyville dam and reservoir.

60. Elliott Mittler, Consultant, Public Policy aad Nataral Hazards, Adjunct Associate Professor,
University of Southern California, Los Angeles, personal communication, April 1995, says that records
he has examined show that Coralville was built to provide low flow augmentation for navigation on
the Mississippi R&er.

61, Interagency Floodplain Management Review Commitiee, Sharing the Challenge: Floodplain
Management into the 21st Century, (Washington, D.C.: U.S. Govcrmnent Printing OffIce, June 1994),
p. G1-4. This report is commonly known as the Galloway Report for Brigadier General Gerald E.
Galloway, Executive Director of the Interagency Floodplain Mmragement Review Committee.

62. Until 1936, the Corps and Congress had taken a levees only approach to flood control on the
Mississippi River. This approach has been frequently criticized, especially since Charles Ellet Jr, had
argued in 1851 that floodplain occupation was the cause of damages rmd that the Government should
take a broader approach to preventing flood damage. In addition to levees, he suggested that the
Government use headwaters reservoirs to trap or slow floodwaters on tributary rivers. Ten years later,
Captain Andrew A. Humphreys mrd Lieutenant Henry L. Abbot insisted that levees alone would be
enough. Congress and the Corps adopted Humphreys’ “levee only” approach ~ntil the 1927 flood on
the Mississippi River brought the program under severe criticism. See Moore. and Moore, Floodplain
Management, pp. 1-2; Shallot, Structures in the Stream, pp. 174-75.

This argument ignores the fundamental reason the Corps aad Congress probably batked at
Ellet’s plan. Until the Federal Government formally entered flood control, it couId do little other tharr
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build Ievecs. It could argue that building levees aided navigation. To authorize end fund flood
control reservoirs would have set a precedent that Congress was not ready to establish until the 1936
Flood Contrel Act.

63. Moore and Moore, Flood Plain Management, p. 3.

64. Moore arrd Moore, Flood Plain Management, p. 4; Dobney, River Engineers, p. 80.

65. Moore arrd Moore, Flood Plain Management, pp. 6, 8.

66. Demonstrating intemel questions about flood control policy, Assistant Chief of Engineers, Genercl
Mex C. Tyler, ina 1937speechtotheAmericanForestryAssociationMeeting,saidthatgreater

stormsorgreaterfloodshad notincreasedthefloodcontrelproblem;rather,more peopleusingthe
floodplainhad causedtheprablem. Moore snd Moore,Flood Plain Management, p. 35.

67. Flood Control Act of 1938, Laws of the UnitedStates,v.3,p. 2600. Reuss, “Copirrg with
Uncertainty; pp. 118-119, shows that the act took this Iarrgusge almost verbatim hm a report entitled
Drainage Basin Problems and Programs. Harlan Barrows had chaired a subcommittee on the Ohio
River and lower Mississippi River which provided this input for the report.

68. Moore and Moore, Flood Plain Management, p.15. Elliott Mittler, personal communication, April
1995, points eut that the Red Cross had begun trying to move peeple out of the floodplain well before

this time.

69, Moore and Moore, Flood Plain Management, p. 40

70. Moore and Moore,FIood Plain Management, p. 4 I; they centendthat“Human invasion of the
flood plein was the persistent snd dominrmt characteristic of postww urbanization of American
society.” See p, 45.

71. Moore arrd Moore, Flood Plain Management, pp. 46,47.

72. Moore arrd Moore, Flood Plain Management, p, 42.

73. Moore arrdMoore, Flood Plain Management, p. 48

74, Moore and Moore, Fload Plain Management, p. 53; Merritt, Creatiti@, pp. 49-50. They SSY,p.
49, that “Flood plcin management entered the federal egenda forarslly whmrthe TennesseeValley
Authority transmitted its publication,A Pragram far Reducing the Natianal Flaad Damage Paterrtial,
to the president in September 1958.” They sold, p. 49, that “The progrrmr’s central message was that
the tmditionrd approach of federrd agencies to flood problems encouraged flood plain occupancy and
thereby increased the total flood damage each year.”

75. Marty Reuss, personal communication, 21 March 1995.

76. Moore arrd Moore, Fload PIain Management, pp. 66-6? One floodplain management scholsr
would later refer to this study as the “Magna Carta of contemporary nonstructural flood plain
management pkrrming..,[it] previded the irnpetis...towmd a unified flood plain management pregrmn.”

ATT 3-7



p. 72 Despite this sccolade, WMte ssys that the Federal Insuranm Administration never really made
the “wise use” concept a Federsl objective. White’s comments csme in a FAX corrtsining his com-
ments on the draft Floodplain MmragementAssessment,Msy 5, 1995, Gilbert F. White to David Loss,
Corps of Engin&ra, St. Paul District.

.

77. Moore end Moore, FIood Plain Management, p. 71.

78.Moore and Moore,Flood Plain Management, p. 75.

79. Moore and Moore, Flood Plain Management, pp. 64-65.

80. Moore mrd Moore, Flood Plain Management, pp. 105-06, quote p. 132.

81. Moore end Moore, Flood Plain Management, p. 134.

82. Robert L. Brmryarr, Taming the Mighty Missouri: A History ojthe Kansas City Distrfct (Weshing-
ten, D.C.: U.S. GovemrrrentPrirrtingOffIce, 1974),p. 9; TheFederal Engineer: Damsites to Mfssfle
Sites, A History of the Omaha District (no author or publisber, 1980), p. 17. These two works were
the major sources used for this overview of navigation snd flood control on the Missouri River.

83. Because so little tretlic plied the Missouri River, Congress esked for a restudy of the project se
early as 1915.

84. Federal Engineer, pp. 12-13.

85. Brenyen, Mighty Missouri, p. 64.

86. U.S. Congress, House of Representatives, H. Dec. 238, 73rd Cong., 2nd sess., 1935.

87. Brmryan, Mighty Missouri, pp. 64-67.

88. Branyen, Mighty Missouri, pp. 66-68.

89. Bmnyen, Mighty Missouri, pp. 69-71.

90. Brsrryen, Mfghty Missouri, pp. 71-73.

91. Brenymt, Mighty Missouri, pp. 76-79.

92. Branymr, Mighty Missouri, pp. 82-86.

93. Federal Engineer, pp. 231-233.

94. Fe&ral Engineer, pp. 239-253.
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ATTACHMENT 4

CRITICAL FACILITIES INVENTORIES

Enclosed are lists of critical facilities for each of the five Corps of Engineers Districts
that were affected by the 1993 Midwest flood.

Omaha District page ATT 4-2

Kansas City District page ATT 4-5

St. Paul District page A’lT 4-9

Rock Island District page ATT 4-11

St. htlis District page ATT 4-14

It has been pointed out in the report that the existing information and data bases
did not allow development of a comprehensive inventory of critical facilities subject to
flood risk. nor to estimate costs to satisfactorily motect or relocate such facilities from
flooding. ‘tie following tables list the approxi=tely 630 facilities that were identified as
being impacted by the flood of 1993. Included following the list from each District is a
summary of the quality, formatj and coverage of those data sets.

It should also be noted that the availability of critical facility data and the ease
with which it is obtained varies considerably among corrrrnunitie$ states, and agencie~ all
of which define, cone@ store, and update such data in different ways. For example, the
EPA has extensive information on impacted critical facilities from the 1993 flood.
Because we could not reconcile all the differences between tlds dat~ as well as other
data sources, relative to our specific study are% our numbers are probably smaller than
may be seen described in other references which likely cover a larger flood impact zone.
However, we have attempted to incorporate this data to the extent possible. This was
most easily done if the data was in a digital GIS format. We acknowledge that a
substantial amount of work remains to be accomplished to develop a comprehensive
inventory of critical facility information. Hopefully the data compiled for the FPMA can
be used by other interested parties as a building block to develop such a comprehensive
database.
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I

ity Identification lStateName lCountv Name

Omaha District

Critical Facilities Inventory

Designation Facili
#

npdes’ IAO043095 Iowa Woodbury

npdes IAOO04014 Iowa Woodbury

nodes IIAOOO41O3 I Iowa lWoodburv

lWashinatcm

,... ––

npdes IAO061 859 Iowa Woodbury

npdes NEO021482 Nebraska Washington

npdes NEOOO0418 Nebraska

npdes IAOO04308 Iowa Pottawattamie

npdes IAO036641 Iowa Pottawattamie

npdes NEO036307 Nebraska Sarpy

npdes NEO11281O Nebraska Samv

npdes

nDdeS

.,
N EOOO1 040 Nebraska Sarpy

NEO021245 Nebraaka Otoe

NEOOO 1244 Nebraska Nemaha

npdes IAO021946 Iowa Mills

Inpdes

npdes NEO1 11635 Nebraska Otoe

landfill SHAW AVENUE DUMP Iowa Wood bury

Wwts CONSUMER LIMESTONE PROOUCTS CO. Iowa Mills

w Wt BLUFF VIEW MOTEL/CAFE/AMOCO Iowa Mills

Wwt CONSUMER LIMESTONE PRODUCTS CO, Iowa Fremont

Wwt MANILDRA ENERGY CORPORATION !Dwa Framont

Wwt MANILDRA ENERGY CORPORATION Iowa Fremont

Substation Nebraska Sarpy

Substation Nebraska Cass

Powerplant diesel Nabraska Otoe

Powerplant steam Nebraska Otoe

aur)slanon
I lNebraska lNemaha

aimort lGarst Aimort lMissouri ]Atchison

Municipal Airport lMissouri lAtchison

lAtchison

101 (historical) lMissouri lAtchison

,. –..

airport Rock Port h
1 I

school Shandy School Missouri Atchison

school Pleasant Valley School lMissouri

school Union Scho
, 1

school Cooper School (historical) Missouri Atchison

school Langdon School (historical) Missouri Atchison

school LinCOln School (historical)

school Sunny Grove Sch,

Sc

Missouri Atchison

1001 (historical) Missouri Atchison

;hool Excelsior School (abandoned) Missouri Atchison
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Table MRO-1 (con’t)
Critical Facilities Inventory

school ICOX Chapel School (ebandoned) lMissouri lAtchison

school Lewis School (historical) Missouri Atchison

school Ellison School (abandoned) Missouri Atchison

school Bend Center School (historical) Missouri Atchison

school Cottonwood Grove School(historical) Missouri Atchison

Designation Facility Identification State Name County Name

school Phelps City School (historical) Missouri Atchison

school lBelleview School (historical) lMissouri lAtchison

school Marietta School (abandoned) Missouri Holt

school Lake Shore School (abandoned) Missouri Holt

school Eureka School No 1 Iowa Mills

I National Pollution Discharge Elimination System

2 Waste Water Treatment Plant
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Dataset Descridion

OMAHADISTRICT cawl-nQO Fomm! L&!and Accu.cq BOurca s.xnm

CtillcalFecllitles MOrmstlOn (FEET) Date

MurJ+nl &Itiwlti.! NPDES 3 1 Gls ? ? 6

Su@und Sites 1 1 GM ? 7 6

Landfills 3 1 G18 ? ‘1 6

HazaniousWati Fncllitlea

PbimChemkalandMaJorPiFellna 4 1 G18 da 8s 6

Wnt.rTmwmentPlants 1 * GIS so 80 4

MajorWatersupplyIntskca 4 t Gls 60 80 4

WaterWellFletd. 1 1 G18 60 80 4

=SVWSTreatmentPlants 1 1 GIS 60 80 4

Pwar Plank 1 1 G!8 MN 000 ,nwsz 4,0

Hospitals 1 1 GIS 80 ,s0/s2 3,4

GmuPHo-

Bchcmls 9 1 GIS 80 ,Wlsz 3,4

Federalandstab Brld@a 1 1 G18 260 Ss 7
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ST. PAUL DISTRICT INVENIWRY
Critical Facilities

Municipal & Industrial NPDES None

SuperfundSites Bumsville, MN (Dakota Co.) Freeway Sanitary Landfill,Superfund
NationalPriorityList (NPL) Site, 126 acres site 400 feet from Minnesota
Rker

Twin Cities Air Force Reserve Base (Hennepin Co.), Int!. A@orl Complex,
Small amsrange landfill, 3acresite along Minnesota MverwitNn 100 year
Ilmdplain.

Hazardous Waste Facilities I

PetmChemicaland Major Pipelines Durand,WI (Pepin Co.) Oil spillfrom fuel barrels at Pomosl Motors Bldg.
(minor,containedin immediatearea).

Water Treatment P18ntS LeSueur, MN (LeSueur Co.) Water treatment plant shut down.

Major Water Supply Intakes None

Water Well Fields None

Sewage Treatment Plants Osseo, WI (Trempealeau Co.) Wastewater treatment plant flooded.

St. Peter, MN (Nicollet Co.) Sewage treatment plant shut down.

Power Plants None

Hospitals None

Group Homes None

Schools None

Federal and State Sridges V. S.lState/County Highway Bridge closures over Minnesota River at

Highway 22, St. Peter, NicolletlLeSueur Counties

Highway 99, St. Peter, NicolleflLeSueur Counties

Highway 93, LeSueur, LeSueurLSibley Counties

Highway 19, Henderson, SibleylLeSueur Counties

Highway 60, Blakely, SibleylScott Counties

Highway 45, Jordan, Scott/Carver Counties

Highway 41, Chaska, Carver/Scott Counties

Highway 169, Shakopee, SwtWtiennepin Counties

LeSueur. MN (LeSueur Co.) Chicago & Nofthwestem rail Nne along
Minnesota River closed

Prisons None

AhpOtis Holman Field, St. Paul, MN, downtown St. Paul airport shut down 14 days
(Ramsey Co.)

Police and Fire Depaflments None
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Dataset Description

ST. PAUL DISTRICT cm.mge Format Locatlmal kcum.y source ZO”rce

CrnlcalFa.[lltles Infonnrdl.n (FEET) Dal.

M.nlclpal h Ind.slrlal NPDES

.%@rfund Wm. 3 1 GM 160 4994 3,7

Landfl!ls

HazardousWaste F..lllUes 4 f GIS 160 1sS4 4

Pntmchemlc.1 and Major Plpellne 1 1 GIS ? 4994 4,6

Water TreatmentPlants 3 3 3 !993 6,6

MajorWater supply Intake. 3 1 GIS 160 19Q4 4

Water Well Fields

Sewaoe TreatrrmntPlants 3 3 3 1993 e

PowerPlants

HOSPltabJ

Group Hom3s

Schwls

Federaland State Bridges 4 1 GIS 250 2,6

Prlsom

AJrpolis ? 1 GIS 80 1,6

Polleeand Fire Departments

Qm!MsaQ Ew!m3i ~

4- FPMA StudyArea FlOodplaln f -Dlg11a13patlal(GlS) 1- SECT~N/RANGE

2- i 993 FloodZ.”. 2- Dlgiial Non-e.patlal(spreadsheet) 2- STREET ADDRESS

3- Only Potil.ans.7 studyarea 3- Paper 3- Cltylcourdy

4- FUvwMI18

sQuEcEs

t-Fw

2- US Derd of Tr.nsporlatlon

3- US EPA Redo. 7

4- EnvhonmentalMana.#rrmnt Tnchnlca Center

5- NevmpaparpressmporlsSI time of fbtilng, Mlnn.apolls Star Tfibum and St. Paul Plonem Press

e The Greti Flocdof 1893 Post Flwd Repoti, #4wnndlxA, St. Paul Dlstrlcl. September1694

7- Superfund:Pmgr.ss at NaUonalPrlorilyLlsi S116sEPA90SR-94-9m, MaY 19S4
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Rock Island District Critical Facilities

Critical Facilities Number and Location

Toxic Release 2 Sites Adams County IL

1 Site - Rock Island County, IL

2 Stes Lee County, 1A
1 We - Muscatine County, 1A

1 SJte-Polk Camty,lA

2 Sites - Marion County, MO

1

NPDES INo Sites

I
Landtills INo Sites

I
Power Plants 11Site - Clayton County, 1A

Substations 1 Site - Clayton Co””ty, 1A
1 Site Des Moines County, 1A

1 Site - LouisaCounty, IA

Water Wells 2 Sites - Adams County, IL

4 Sites - Henderson County, IL
4 Sites - Rock Island County IL

2 Sites - Clayton County, 1A
1 Site - Jackson County, 1A

3 Sites - Mahaska County, 1A

1 Site Wcqxlo County, 1A

Surface Water Intakes 1 Site - Adams County, IL
2 Sites - Henderson Couniy, IL

1 Site - Hancock County, IL
1 Site - Des Moines County, 1A

2 Sites - Lee County, 1A

1 Site - Marion County, IA
3 Sites - Polk County, 1A

3 Sites - Wapello County, 1A

,
Hospitals lGuttenbwg Municipal Hospital, Gutenberg, 1A

Schools Gutenberg CommunityJr-.SrHigh Schcel, Gutenberg, 1A

Guttenbwg CommuniV Schml District, Guttenbsrg, 1A
Guttentmrg Elementary Schcml,Guttenbarg, 1A

Sabula Elementary Center, Sabula, 1A
Sabula Middle Schml, Sabula, 1A

St. Mar/s School, Guttenlx?rg,1A

MpOrts Meeker, Warsaw, IL

Schnelle, Ursa, IL

The Adwell Corporation, Meyer, IL

GAA Private, Gutenberg, 1A
Cyanamid-Hannibal, Hannibal, MO
Haerr Field, Taylor, MO
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I

Rock Island District Critical Facilities

Prisons ]No Sites
I

Railroad Bridges 1 site - Adams Camty, IL

1 Site - HendersonCounty,IL
1 Site -L- Cmmty, IA
3 sites - Potk CoU”ty, 1A

2 SiteS- Wapello County, 1A
1 Site - Marion COUnty,MO

1 Site - Pike County, MO

anccck County, IL

12site% Route 34, Henderson County, IL

Highway Bridges 1 Site, Route 24, Adams COUIIty, IL

1 site, Route 57, ktam COUIIty, IL

1 Site, Route 9S, C.dhoun COUny, II_

2 Sites, Route W Ha

4 Sites, Route 26, Pike cc,unty, IL

2 Bite, Route 54, Pike CCXInty,IL
1 Bite, Route 9S, Pike COU”ty, [1.

1 Bite, Route 22, Rock Island COUnty, Il.

2 Sites, Route 61, Rock Island Ccunty, IL

1 Site, Route 67, Rcc
1 Site, Route 64, Rcc
1 m{

~

Ites, Route280,Reck Island County, IL

2 Bites, Route 52, Clayton County, 1A

1 Site, Route
1 Bite, Route 61, Lee COUIIty, 1A

1 Site, Route 13S, Lee COUIIV, 1A

4 Sites, Route 61, Louisa county, 1A

12SiteS, Route 99, Louisa Cemnty,1A

11Site, Rwte 92, Mahaska County,1A
\1 Site,Route 137, Mahaska &,@, 1A

2 SiteS, Route 14, Mario” COU”ty, IA
1 Site, Route 6, Potk COU”IY,IA

2 Bites, Route 35, Polk CO@, IA
1 Bite, Route 2, Van Buren COU”ty,1A
!3Si.- ites, Route 23, Wapello County, 1A

\2 Bites, Route 24, Wapello County, 1A

]1 Bite, Route 137, Wapello County, 1A

]1 Site, Route 46, Warren County, 1A 1
..-..,- .—------ .... . ...-
e fil. 1w,. fhmlv MO

3 Sites, Route 61. Clark Cnuntw MO ““”~

1 Site, Route . .. . . . _.-...,, .

5 Sites, Route 24, Markm Ce”nty, MO

1 Site, Route 36, MaI(nonCounty, MO

12Sites, Route 61, Marion CC.U”V,MO
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Dataset Description

ROCKISLANDDISTRICT ca..p Fmrnsl Lcaatlmlsl &aXlmcy Eaurce source

cfltkal Faclllllw !nfanrmtlon [FEETl Date

M.nklpd & Inkmtdal NPDES 3 1 GIS 160 2

IlsupemmdSilas 1311 I GIS I 160 I 16
111.e”d,ll, 1,1, IGIS 1801 I ,,2

h2md0u.wasta F.c!lkloa Ill, I GIS I 160 I I 0,7

FWmChunlcal snd M.jor Pp!lne

Waler Tmshnsnl Plsnia

llMOJorWaterSupplyI*kea /311 I GIS I ,60 I I 1,2

llWalerWe!,F,,,,, 1311 I GIS I 160 I I ,,2

SewaW Tmatnwnl Plants

Pmwr Plants 3 i GIS 260 4

Ho8Pilds 3 % GIS Bo !,2

GI’OUPHonms

k- 1311 ]Gl, l,, l 11

llF62wal and Slate mid.aes Itll I G,, I 260 I 16
llPIkm. 1311 IGIS 1601 1,

llMparls 1,1, IGIS [601 /3

Po!lce. . . FlmDawrlments

!2smram E9nG21

1- FPh!AZiudyArm Flm.2pMn %- DIgildSPMal(GIs]

2- 1SS3Flocdzone 2- DigitalNoc-qallal(apmadshmt)

3- OnlyPmUonsofstudyems 3- Paper

1- SECTilWN/R#?4GE

2- STREET ADDRESS

3- Ciiylcounty

4- Rlwr MNe

SQufwE&

4- mate of bwa

2- 2i919 OYllltnob

3-FM

4- OrtmhmDkhicl

6 -US Dqd of Tmms@aUon

6 -US EPA ReElon7

1 -US EPA 17ealon6
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ST. LOUIS DISTRICT

Critical 1NVENT0R% SOURCE
Facilities

Municipal & Industrial NPDES

Superfund Sites

Landfills

Chain of Rocks Oisposal Facility . Granite City, II

Milan i3sposal Facility Fainmont City, IL

Hazardous Waste Fac.ifities

11 sites - St. Clair County, IL 1

23 sites - Madison County, IL 1

1 site - Trojan Powder Co., Union County, IL 1

10 sites - St. Louis, MO 5

1 site - Pevely, MO 5

1 site - Clarksville, MO 5

1 site -Scott City, MO 5

1 site -Cape Ghardeau, MO 5

1 site -Festus, MO 5

1 site -Louisiana, MO 5

Petrochemical and Major Pipelines

American Refining Group, Hariford, IL 6

APEX Oil Company, Granite city, IL 6

Clark Oil Company, Altcm, IL 6

Mobile Oil Corp.. %uget, IL 6

Amoco Oil Company, Wc-odriver, IL 6

Phillips Pipefine Co., Cahokia, IL 6

MLss.R.M. 197- Cherokee Pipeline Co. -5-100i1 pipeline 2

Miss. R.M. 196- Continental Pipeline Co-2-10 pipelines 2

Miss. R.M. 175- Explorer Pipeline Co. -l-l4Refmedpetro. 2

MSS. R.M. 196- Explorer Pipeline Co. -1-24’ Refined petro. 2

Miss. R.M. 215- Gulf Pipeline Co. -2-8 Petro prod. 2

bfiss. R.M. 153- Gulf Pipeline Co. -2-100i1 2

Miss. R.M. 164- Laclede Pipeline Co. -l-lO” PrOpane gas 2

kliss. R.M. 192- Laclede Pipeline Co. -l-1 OPmpane gas 2

fdiss. R.M. 172- Miss. River Fuel CorP -2-10’ Natural gas 2
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ST. LOUIS DISTRICT

Miss. R.M. 183- Miss. FWer Fuel Crop-2-10 Naturalgas 2

Miss. R.M. 127-Miss. Rver Trans CoV.4.10 Natural gas 2

Miss. R.M. 127-Miss. River Trans Corp-2-25 Natural gas 2

Miss. R.M. 167- Miss. River Trans Corp-4-10 Natural gas 2

Miss. R.M. 171 -Miss. River Trans Corp-8-10 Natural gas 2

Miss. R.M. 183- Miss. Rver Trans Corp-l-10 Gas 2

Miss. R.M. 184- Miss. PJver Trans CoW-l-10 Natural gas 2

Miss. R.M. 191 -Miss. River Trans Corp-2-12’, Natural gas 2

fv!iss. R.M. 176- Mobile Oil Co. .2.8”a”d I-1’’plpelimss 2

Miss. R.M. 176- Mobile Oil Co. - l-8” Gasoline 2

Miss. R.M. 108- Mobile Rpeline Co. -l.20Cmde oil 2

Miss. R.M. 109- MoLdle Rpeline Co. -1-20 Crude oil 2

Miss. R.M. 80- Natural Gas Pipeline Co of America -2-30 Nat gas 2

Miss. R.M.81 -Nalural Gas Pipeline Coo fArnerica -3-20 Nat gas 2

Miss. R.M. 283- Panhandle Eastern pipeline Co -1-22 natural gas 2

Miss. R.M. 283- Panhandle Eastern Pipeline Co -4-12 natural gas 2

Miss. R.M. Z&l - Panhandle Eastern pipeline Co 2-2Y natural gas 2

Miss. R.M. 264- Panhandle Eastern Pipeline Co -1-30 natural gas 2

Miss. R.M. 171- Phillips Petroleum Co -1-20” and 2-6 Petro prod 2

Miss. R.M. 196- Platte Pipeline Co-l-12” and l-20 Cmde oil 2

Mis?.. R.M. 198- Ser#ice Pipeline Co-2 -lTPetmpmducts 2

Miss. R.M. 183- Shell Pipeline Co 1-IS Refined petm. prod. 2

Miss. R.M. 192- Shell Pipeline Co-l-8’ Natur.al gas 2

Miss. R.M. 192- Shell Pipeline Co-2-lW~l 2

Miss. R.M. 197- She[l Pipeline Co-2-22 Crude Oil 2

Miss. R.M. 197- Sinclair Refining Co - 2-lw pipelines 2

Miss. R.M. 178- Socnny-Vacuum Oil Co -1-8” pipeline 2

Miss. R. IA. 46- Texas Eastern Trans Corp - Z-Z& Petro. Prod. 2

Miss. R.M. 46- Texas Eastern Tram Cmp -1-20 Petro. Prod. 2

IL R.M.31 -Central lLPublic Sewice Co-24’, Gas pipelines 2

lLR.M.43. Central lLPublic Sewice Co-24’< Gaspipelines 2

IL R.M. 70- Central IL Public Service Co - Z< Gas pipelines 2

IL R.M. 49. Panhandle Eastern Pipeline Co -1-30 Natural gas 2

IL R.M. 49- Panhandle Eastern Pipeline Co -1-24 Gas pipeline 2

IL R.M. 49- Panhandle Eastern Pipeline Co -5-10 Gas pipelines 2

IL R.M, 49- Panhandle Easterr Pipe.limsCo -4:12 Gas pipelines 2

IL R.M. 70- Texaw-Cities Sew. Pfpeline co -2-12 Crude oil 2
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ST. LOUIS DISTRICT

WaterTreatmentPlants

1 site -Alton, lL-Madison County, lL 3

1 site-Baldwin, lL-Rcmdolph County, lL 3

Tsite-Central Alexander County Water Oistdct -Alexander County, IL 3

1 site -Grafton, lL. Jersey County, IL 3

1 site - Hardin, IL - Calhoun County, !L 3

1 site - Hillview, lL-Greene County, lL 3

1 site -Menard Correctional Center .Ra”dolph Coumy,l L 3

1 site -Valmeyer, lL-Mcmroe Cmmty, IL 3

Major Water Supply Intakes

1 site -Randolph County, lL 1

1 site -Evansville. lL-Randolph County, lL 3

Water Well Fields

4 sites - St. Clair County, IL 1

27 sites - Madison County, IL 1

3 sites - Monroe County, IL 1

1 site -Randolph Coumy,t L 1

5 sites - Lhicm County, IL 1

3 sites - Jackson County, IL 1

1 site -Alexander County, lL 1

Sewage Treatment Plants

Power Plants

1 coal- fired Union Electric, Portage des Bio”x, MO

1 coal-fired Union Electric, Venice, IL

1 coal-fired Union Electric, Rush Island, MO

Hospitals

1 -St. Clair County, lL 1

Group Homes

Schools

53- St. Clair County, IL 1

57- Madison County, IL 1

2- Monroe County, IL 1

1- Randolph County, IL 1
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ST. LOUIS DISTRICT

7- Union County, IL 1

4. Jackson County, IL 1

4- Alexander County, IL 1

Federal and State Bridges

Prisons

l- Menard Cairectional Facility Chester, lL 1

1 -St. Louis County Medium Security Facility, Chesiefield, MO 6

Airpotis

1 -Peny County Airport, MO 1

1- Si-State ST. Clair County, IL 1

1- Spidt of St. Louis Airpott, Chesterfield, MO 6

Police and Fire Departments

Aflon Fire Protection Distdct 4

Siehle Community Fire Protection District 4

Cape Girardeau Fire Dept. 4

Chesterfield Fire Protection District 4

Clarksville Volunteer Fire Department 4

Crystal City Fire Protection District 4

East County Fire Prot. District - Cape Girardeau, MO 4

Elsbeny Volunteer Fire Department 4

Festus City and Rural Fire Depatiment 4

Herculaneum Fire Depaflment 4

Jefferson R-7 Fire Pmt. Oistrict - Festus, MO 4

Lemay Fire Protection DkstIict 4

Lincoln County Fire Prot. District No. 1- Troy, MO 4

Lincoln Fire Department 4

Louisiana Fire Department 4

Malllnckrcdt - St. Louis, MO 4

Old Monroe Community Volunteer Fire Department 4

Perry County Rural Fire Protection District 4

Portage des Sioux Community Volunteer Fire Depatiment 4

Sp!ingdale Fire Pmtectlon District-Fenton, MO 4

Ste. Genevieve Volunteer Fire Department 4

Tmy Rural Fire Department 4

Valley Park Fire Protection Disbicf 4
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Dataset Description

SL LouIS DISTRICT

I I’”ma’Coverage
Critical Facilities

Municipal & Industrial NPDES

Superfund Sites
I

Landfills
I

~

PelmChemic.al & Major P,pelhe

Water Treatment Plants 1 3

Major Water Supply Intakes 1 1

Water Well Fields 1 1

Schools 1, II
Federal and State Bridges

Prisons 1 1

Airports II II

Police and Fire Departments II 13

Cx!Y!mu EQmst
1.- FPMA Study Area Floodplain 1 -Dgitd Sped
2.- 1993 Flood Zone 2- Digital Ncm-
3.- Only Portions of study area 3- Paper

Locational Accuracy Source Source
Info. (FEET) Date

I

GE i N/A 1? 11 II

GIS NIA ? 1

I

hcatiorml Information lif non-GISj
I (GIS) 1- SECT/WN/RANGE
lath (Spreadsheet) 2- STREET AODRESS

3- CitylCOuntv

Sou RCES:
1 - Rock Island Cdtical Facilities GIS MaDDina
2- St. Louis District Corps of Engineers, ”&v~r Milewae Guide.
3- The 1993 Flc.od Mississippi River in Illinois - Long Term Resource Monitoring Program.
4- Missouri Division of fire Safety.
5- State of Missouri Division of Natural Resources.
6- St. Louis District Corps of Engineers files.
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A’ITACHMENT 5

EVALUATION TABLES OF ACTION ALTERNATIVES (WITH CELL NOTES)

Enclosed are the matrix tables used for evaluation of the action alternatives, as
dkcussed in Chapter 9. Three of the dktricts have provided notes supporting entries in
each of the cells. Further supporting data is provided in Appendm B. Each dktrict’s
evaluation begins on the following pagew

Omaha District page AIT 5-2

Kansas City District page AIT 5-12

St. Paul Dktrict page AIT 5-13

Rock Island Dktrict page AIT 5-21

St. Louis District page AIT 5-22
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OMAHA DISTRICT ANALYSIS

CELL.L1: Residential (Urban) . Increases damages to rural communities which
were not flooded in the base lfne.

CELL L2: Other (Urban) . Increases damages to rural communities which were not
flooded in the baseline.

CELL L3: Agf’icultural. Increase in damages due to increases in overbank
flooded area.

CELL L4: Other Rural. Increase in damages due to increases in overbank
flooded area.

CELL L5: Emergency Response Costs. Change in costs are related to the
percent change in the residential (Urban) damages.

CELL L6: Disaster Relief (Agricultural) . Change in costs are related to the
percent change in the agricultural damages.

CELL L7: Disaster Relief (Human Related) . Change in costs are related to the
percent change in the residential (Urban) damages.

CELL L8: Flood Insurance (NFIP) . Change in costs are related to the percent
change in tbe residential (Urban) damages.

CELL L9: FloodInsurance(FCIC) Changein costsare relatedto the percent
changein the agriculturaldamages.

CELL L1O: Net Agricultural Product. Could decrease the value of land which
would no longer be protected by as much as 30- to 40-percent.

CELL Lll: Net Urban Real Estste Values. Could decrease the value land which
would no longer be protected.

Cell L12: Basedon the assumptionthat10% of landwouldrevertto natural
conditionsif leveeswere removedand of that10%, 6% would revertto
wetlands. RatioderivedfromERI.

Cell L13 : Based on tbe assumption that with increased habitat resulting from
land use change, the number of threatened/endangered numbers and occurrences
would increase.

Cell L14: Based on the assumption that 10% of land would revert to natural
conditions if levees were removed and of that 10%, 1% would revert to riparian
woodlands.

Cell L16: Removing the levees would cause damages to sites currently buried
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under existing levees. In addition, the spoil piles would have to be placed
somewhere, poss ihly causing additional damage to, currently unknown sites.
This alternative was given a -2.

Cell L17-18: Based on the assumption that agricultural land left unprotected
because of levee removal would have to be purchased by

CELL L19: Number of ~acilities with harmful releases.
number of facilities with harmful releases which would
flooding.

CELL L20: Number of other critical facilities. Could

other critical facilities which would he vulnerable to

the Federal government.

Could increase the
be vulnerable to

increase the number
flooding.

of

CELL L21 : Number of people vulnerable. Could increase the number of people
which would be v-ulnerable to flooding.

CELL L22 : Number of communities vulnerable. Could increase the number of
communities which would be vulnerable to flooding.

CELL L23 : Number of residential structures vulnerable. Could increase the
number of residential structures which would be vulnerable to flooding.

CELL L24 LOW: Partial removal of levee.
HIGH: Total removal of levee.

CELL Ml: Residential (Urban) . Increases damages to
were not flooded in the baseline.

CELL M2 : Other (Urban) . Increases damages to rural
not flooded in the baseline.

rural communities which

communities which were

CELL M3: Agricultural. Increase in damages due to increases in overbank
flooded area.

CELL M4: Other Rural. Increase in damages due to increases in overbank
flooded area.

CELL M5 : Emergency Response Costs. Change in costs
percent change in the residential (Urban) damages.

CELL M6 : Disaster Relief (Agricultural) . Change in
percent change in the agricultural damages.

CELL M7: Disaster Relief (Human Related) Change
percent change in the residential (Urban) damages.

CELL MS: Flood Insurance (NFIP). Change in costs
change in the residential (Urban) damages.

CELL M9: Flood Insurance (FCIC). Change in costs

are related to the

costs are related to the

in costs are related to the

are related to the percent

are related to the percent
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change in the agricultural damages.

CELL M1O: Net Agricultural Product. Could decrease the value of land which

would no longer be behind the levee by as much as 60- to 70-percent.

CELL Mll: Net Urban Real Estate Values. No change in value.

Cell M12: Based on the assumption that 10% of land would revert to natural
conditions if levees were removed and of that 10%, 6% would revert to
wet lands. Ratio derived from ERI.

Cell M13: Based on the assumption that with increased habitat resulting from
land use change, the number of threatened/endangered numbers and occurrences
would increase.

Cell M16: Based on the assumption that 10% of land would revert to natural
conditions if levees were removed and of that 10%, 1% would revert to riparian
woodlands.

Cell M16: The Set Back alternative received a -1. Certain historic
structures would be protected while others would be placed on the wet side of
the new levee alignment. A number of archeological sites would likely be
impacted during construction and borrow activities.

Cell M17-18: Based on the assumption that agricultural land left unprotected
because of levee removal would have to be purchased by the Federal government.

CELL M19: Number of facilities with harmful releases. Could decrease the
number of facilities with harmful releases which would be vulnerable to
f100ding.

CELL M20: Number of other critical facilities. Could decrease the number of
other critical facilities which would be vulnerable to flooding.

CELL M21: Number of people vulnerable. Could decrease the number of people
which would be vulnerable to f100ding.

CELL M22: Number of communities vulnerable. Could decrease the number of

communities which would be vulnerable to flooding.

CELL M23: Number of residential structures vulnerable. Could decrease the
number of residential structures which would be vulnerable to f100ding.

CELL M24: IL)W: Partial removal of original levee.
HIGH: Total removal of the original levee.

CELL N1: Residential (Urban) Increases damages to rural communities which
were not flooded in the baseline.

CELL N2: Other (Urban) . Decreases damages to because of stage decreases on
other (urban) structures.
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CELL N3: Agricultural. Increase in damages due to increases in overbank
flooded area.

CELL N4: Other Rural. Increase in damages due to increases in overbank
flooded area.

CELL N5 : Emergency Response Costs. Change in costs are related to the
percent change in the residential (Urban) damages

CELL N6 : Disaster Relief (Agricultural) . Change in costs are related to the
percent change in the agricultural damages. -

CELL N7: Disaster Relief (Human Related) . Change
percent change in the residential (Urban) damages.

CELL N8: Flood Insurance (NFIP). Change in costs
change in the residential (Urban) damages.

CELL N9: Flood Insurance (FCIC). Change in costs
change in the agricultural damages.

in costs are related to the

are related to the percent

are related to the percent

CELL N1O: Net Agricultural Product. Could decrease the value of land which
would no longer be protected by as much as 5- to 10-percent.

CELL Nll: Net Urban Real Estate Values. Could decrease the value of land
which would no longer be protected.

Cell N12-14: Negligible change from existing conditions .

Cell N16: The 25 year levee alternative received a -1 for much the same
reasons as the Set Back alternative. With a lower elevation for flood
protection, both historic sites and archeological sites will be impacted to a
certain extent by upcoming floods.

Cell N17-18: Negligible change from existing conditions.

CELL N19: Number of facilities with harmful releases.
number of facilities with harmful releases which would
flooding.

CELL N20 : Number of other critical facilities. Could
other critical facilities which would be vulnerable to

Could increase the
be vulnerable to

increase the number
f100ding.

of

CELL N21: Number of ueoule vulnerable. Could increase the number of ueoule. .
which would be vulnerable to flooding.

. .

CELL N22: Number of communities vulnerable. Could increase the number of
communities which would be vulnerable to flooding.

CELL N23: Number of residential
number of residential structures

structures vulnerable. Could increase the
which would be vulnerable to flooding.
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CELL It24 IKIW: 25-year Erodible Plugs.
HIGH: Same.

CELL 01: Residential (Urban) Decreases damages to rural communities behind
the levees but increases damages in the unleveed portions of the system.

CELL 02: Other (Urban) . Decreases damages to rural communities behind the
levees but increases damages in the unleveed portions of the system.

CELL 03: Agricultural. Decrease in damages due to decreases in overbank
flooded area.

CELL 04: Other Rural. Decrease in damages due to decreases in overbank
flooded area.

CELL 05: Emergency Response Costs. Change in costs
percent change in the residential (Urban) damages.

CELL 06: Disaster Relief (Agricultural) . Change in

are related to the

costs are related to the
percent change in the agricultural damages. -

CELL 07: Disaster Relief (Human Related) . Change

percent change in the residential (Urban) damages.

CELL 08: Flood Insurance (NFIP). Change in costs
change in the residential (Urban) damages.

CELL 09: Flood Insurance (FCIC) . Change in costs
change in the agricultural damages.

in costs are related to the

are related to the percent

are related to the percent

CELL 010: Net Agricultural Product. Could increase the value of land which
would gain protection by as much as 5- to 10-percent.

CELL 011: Net Urban Real Estate Values. No change in value.

Cell 012-14: Negligible change from existing conditions.

Cell 016: The Fully Confine alternative also received a -1 score. By fully
confining the flood, there is the possibility that the scouring action within
the channel will unearth as yet undiscovered sites contained within alluvial
fans. These sites tend to be significant due to their great age and would
otherwise be intact below the channel.

Cell 017-1S: Negligible increase in the amount of Federally owned land due to

~

increased levee foo~print and right of way; however, this does not constitute
an increase in recreational opportunities.

~

CELL 019: Number of facilities with harmful releases. Could decrease the
number of facilities with harmful releases which would be vulnerable to
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flooding.

CELL 020: Number of other critical facilities. Could decrease the number of

other critical facilities which would be vulnerable to flooding.

CELL 021: Number of people vulnerable. Could decrease the number of people

which would be vulnerable to flooding.

CELL 022: Number of communities vulnerable. Could decrease the number of
communities which would be vulnerable to f100ding.

CELL 023: Number of residential structures vulnerable. Could decrease the
number of residential structures which would be vulnerable to f100ding.

CELL 02& LOW: No overtopping. Includes some new levee placement.
HIGH: Same.

CELL S1: Residential (Urban) Increases damages to rural communities which
were not flooded in the baseline.

CELL S2: Other (Urban) . Increases damages to rural communities which were
not flooded in the baseline.

CELL S3: Agricultural. Increase in damages due to increases in overbank
flooded area.

CELL S4 : Other Rural. Increase in damages due to increases in overbank
flooded area.

CELL S5: Emergency Response Costs. Change in costs are related to the
percent change in the residential (Urban) damages.

CELL S6: Disaster Relief (Agricultural). Change in costs are related to the
percent change in the agricultural damages.

CELL S7: Disaster Relief (Human Related) . Change in costs are related to the
percent change in the residential (Urban) damages.

CELL S8: Flood Insurance (NFIP) . Change in costs are related to the percent
change in the residential (Urban) damages.

CELL S9: Flood Insurance (FCIC) . Change in costs are related to the percent
change in the agricultural damages.

CELL S1O: Net Agricultural Product. Could decrease the value of land which
would no longer be protected by as much as 30- to 40-percent.

CELL.s11: Net Urban Real Estate Values. Could decrease the value land which
would no longer be protected.
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Cell S12: There would be an increase in the number of acres of wetlands based
on the assumption that more frequent flooding would occur and river bed
degradation below Gavins Point Dam would decrease and allow for the
maintenance of a hydraulic connection between wetlands and the river.

Cell S13: Negligible change from existing conditions, because some species,
such as the bald eagle, benefit from the permanent open water below the dams.

Cell S14: There would be an increase in the number of acres of woodlands
because thousands of acres of hottomland forest were inundatad by the
reservoirs and marginal farmland would be allowed to revert to natural
conditions.

Cell s16: The No Reservoir alternative was given a -1 score. Although
unhampered flows would damage some sites, especially historic structures, the
layering of alluvial material over exposed sites would cause some
archeological sites to be protected.

Cell S17-18: There would be a decrease in the number of Federally owned lands
and recreational opportunities if the reservoirs were removed.

CELL S19 : Number of facilities with harmful releases. Could increase the
number of facilities with harmful releases which would be vulnerable to
f 100ding.

CELL S20 : Number of other critical facilities. Could increase the number of
other critical facilities which would be vulnerable to flooding.

CELL S21: Number of people vulnerable. Could increase the number of people
which would be vulnerable to flooding.

CELL S22: Number of communities vulnerable. Could increase the number of

communities which would be vulnerable to f100ding.

CELL S23: Number of residential structures vulnerable. Could increase the
number of residential structures which would be vulnerable to f100ding.

CELL V1 : Res idant ial (Urban) . Decreases damages in all areas of the flood
control system.

CELL V2: Other (Urban) . Decreases damages to rural communities behind the
levees.

CELL V3: Agricultural. Decrease in damages due to decreases in overbank
flooded area.

CELL V4 : Other Rural. Decrease in damages due to decreases in overbank

flooded area.

CELL V5 : Emergency Response Costs. Change in costs are related to the
percent change in the residential (Urban) damages.
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CELL V6: Disaster Relief (Agricultural) Change in costs are related to the
percent change in the agricultural damages.

CELL V7 : Disaster Relief (Human Related) . Change in costs are related to the
percent change in the residential (Urban) damages.

CELL V8: Flood Insurance (NFIP) . Change in costs are related to the percent
change in the residential (Urban) damages.

CELL V9: Flood Insurance (FCIC) Change in costs are related to the percent
change in the agricultural damages.

CELL V1O: Net Agricultural Product. No change in value.

CELL Vll: Net Urban Real Estate Values Could increase the value of land.

Cell V12: Negligible change from existing conditions.

Cell V13: Positive impact based on increased acres and diversity of habitat.

Cell V14: Negligible change from existing conditions.

Cell v16: TIIisalternative would reduce runoff by 5%. A score of -1 was
given to this alternative because additional fill would be needed to construct
small dams on the tributaries. These small dams would flood some significant
prehistoric and historic archeological sites , besides impact ing an unknown
number of significant sites during the borrow operations

Cell V17-18: The number of acres of Federally owned land would increase
because of increased implementation of FSA/FACTA programs.

CELL V19: Number of facilities with harmful releases.
number of facilities with harmful releases which would
f100ding.

CELL V20: Number of other critical facilities. Could
other critical facilities which would be vulnerable to

Could decrease the
be vulnerable to

decrease the number
f100ding.

of

CELL V21: Number of people vulnerable. Could decrease the number of people
which would be vulnerable to flooding.

CELL V22: Number of communities vulnerable. Could decrease the number of
communities which would be vulnerable to flooding.

CELL V23: Number of residential structures vulnerable. Could decrease the
number of residential structures which would be vulnerable to flooding.

CELL W1: Residential (Urban) . Decreases damages in all areas of the flood
control s ystern.

ATT 5-10



CELL W2: Other (Urban) . Decreases damages to rural communities behind the
levees.

CELL W3: Agricultural. Decrease in damages due to decreases in overbank
flooded area.

CELL W4: Other Rural. Increase in damages due to increases in overbank
flooded area.

CELL I?5: Emergency Response Costs. Change in costs are related to the

percent change in the residential (Urban) damages.

CELL W6: Disaster Relief (Agricultural) change in costs are related to the
percent change in the agricultural damages.

CELL W7: Disaster Relief (Human Related) Change in costs are related to the
percent change in the residential (Urban) damages.

CELL W8: Flood Insurance (NFIP). change in costs are related to the percent
change in the residential (Urban) damages.

CELL W9: Flood Insurance (FCIC). Change in costs are related to the percent
change in the agricultural damages.

CELL W1O: Net Agricultural Product. NO change in value

cELL Wll : Net Urban Real Estate Values. Could increase the value of land.

Cell W16: This alternative was also given a -1, for the same reasons given
for the Runoff Reduction 5% alternative.

CELL W19: Number of facilities with harmful releases. Could decrease the
number of facilities with harmful releases which would be vulnerable to
f100ding.

CELL W20: Number of other critical facilities. Could decrease the number of
other critical facilities which would be vulnerable to flooding.

CELL W21: Number of people vulnerable. Could decrease the number of people
which would be vulnerable to f100ding.

CELL W22: Number of communities vulnerable. Could decrease the number of
communities which would be vulnerable to flooding.

CELL W23: Number of residential structures vulnerable. Could decrease the
number of residential structures which would be vulnerable to flooding.
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ST. PAUL DISTRICT ANALYSIS

Cell PI: No change in impact. Benefit would not be realized until a less than
.006 annual probability flood event cm the Minnesota River along this reach
occurs. TMs is the estimate of the level of protection (170 year) currently
available at Henderson. Mankato is now estimated to have a 500 year
(. 002 annual flood probability) level of protection.

Cell P2: No change in impact.
Cell P3: No change in impact.
Cell P&: No change in impact.
Cell P5: No measurable change in impact. It is possible that with this

increased level of protection there might have been fewer “anticipatory”
costs incurred related to emergency flood response.

Cell P6: No change in impact.
Cell P7: No change in impact.
Cell P8: No change in impact.
Cell P9: No change in impact.
Cell P1O: No change in impact.
Cell Pll: There is the potential for a very slight increase in property values

and assessments related to the increased flood protection; this effect is
likely very small at these locations.

Cell P12: no significant change
Cell P13: no significant change
Cell P14: no significant change
Cell P15: no change for 1993 flood. Providing 500-year protection to urban

areas would not have changed acres of urban areas protected/unprotected by
the flood of 1993. For higher frequency floods the percent floodplain
inundated would decrease.
Cell P16: The only city this would apply to is Henderson, Minnesota. To

determine the effect of raising and extending the levee (both width and
length) would require a survey.

Cell P16A: As no historic sites in Henderson suffered from the flooding,
having a higher levee would not have changed the number of sites affected.
Cell P17: no change expect for small right-of-way parcels.
Cell P18: no change

Cell P19: No change in impact. For very extreme flood events, the added flood
protection would offer increased protection of critical facilities.

Cell P20: No change in impact. For very extreme flood events, the added flood
protection would offer increased protection of critical facilities.

Cell P21: No change in impact. Transportation disruptions in the form of road
and bridge closures would continue even with the increased level of
protection.

Cell P22: No change in impact. .

Cell P23: No change in impact. For very extreme flood events, the added flood
protection would decrease exposure of residential structures.

Cell P24: Engineering costs to increase levee heights at Henderson
are roughly estimated to be $ 2,270,000.

Cell P25: No costs estimated.
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Other Enviromnental Impacts: Increasing urban levee heights at Henderson
would result in a slight encroachment into the floodplain and
result in the loss of a small acreage of floodplain forest. These
losses would not be significant on a systemic basis. Construction
activities could result in localized short term minor effects on
air quality, noise and water quality.

Cell S1: No change in impact for the area along the Minnesota River being
examined in the FPMA, downstream of Mankato, or below the confluence of the
Minnesota with the Mississippi River.

Cell S2: No change in impact.
Cell S3: No change in impact. For smaller events, there would be some
negative impact, especially in upstream areas along the Minnesota River not
being covered in the FPMA, if the Big Stone Lake and Lac Qui Parle
reservoirs were not in place.

Cell S4: No change in impact. “
Cell S5 : NO change in impact. “
Cell S6: No change in impact. “
Cell S7: No change in impact.
Cell S8: No change in impact.
cell S9: NO change in impact. See comment for S3.
Cell s1O: No change in impact. See comment for S3.
Cell S11: No change in impact.

Cell s12: no change
Cell s13: no change
Cell s14: no change
Cell S15 : Slight increase but this is not quantifiable at the level of

detail of existing floodplain elevation data.

Cell s16: Without the Lac Qui Parle reservoir, Fort Renville and
archeological sites around the reservoir would not have suffered the adverse
effects of the pool being so high for so long. In the study reach between
Mankato and Henderson, the reduction in the flood height would have been
negligible, and therefore the effect on archeological and historic sites of
the flood would not have changed.

Cell S16A: no change
Cell S17: no change
Cell s18: no change

Cell s19: No change in impact.
Cell s20: No change in impact.
Cell S21: No change in impact. See comment for S3.
Cell s22: No change in impact. See comment for S3.
Cell s23: No change in impact.

Cell s24: Cost of “removingn reservoirs not estimated.
Cell s25: Other costs, if any, not determined.

Other Impacts: In the long term the “no reservoir” alternative would likely
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result in changes in land use in the floodplain of the Minnesota
River because of increased frequency of flooding. In annually
flooded zones this would 1ikely cause agricultural land to revert
to a natural condition. Farming would continue in other areas
depending on various Department of Agriculture incentive/price
support/disaster payment programs. Lac Qui Parle and Marsh Lakes
are significant waterfowl staging areas during the fall migration.
IAC Qui Parle Lake is also an important regional fishery and
recreation area. Removal of the dams would significantly alter
the current nature and use of those areas.

Cell V1: No measurable change in impact.
Cell V2: No measurable change in impact.
Cell V3: An estimate of crop damages per acre, based on total crop losses

divided by affected acres, is approximately $160/acre. If it is assumed
that these damages would have been avoided if converted acreage to wetlands
had previously taken place, a reduction in damages of $200 million (using
1.25 mil. acres) might have been realized. NOTE: Cells V6 and V9, ag
disaster relief and crop insurance, presumably cover much of this damage.
These numbers are therefore NOT additive with the entry in this cell.

Cell V4: An estimate of damages associated with land restoration, ditch
restoration, and farm structure losses is roughly $2.30/acre, assuming all
three million acres were equally impacted. Total damages in this impact
category were estimated at $6.9 million in St. Paul District. If 1.25 roil.
acres had previously been converted, then approximately $2,875,000 in
damages might have been avoided. It is assumed that these damages were
among the losses covered by expenditures in the ag disaster relief impact
category (Cell v6) , so these numbers are NOT additive.

Cell V5: No measurable change in impact for the 1993 flood event. For
future, larger events in St. Paul District, there could be a small reduction
in emergency response costs along the major rivers with this alternative in
place.

Cell V6: Disaster relief is estimated at roughly $95/acre ($284 million in
ag disaster expenditures for declared disaster counties in St. Paul District
divided by an estimated three million affected acres using FCIC records) .
If these expenditures are assumed to be no longer required on converted
acreage (1.25 mil. acres in this case) , a reduction in cost of $118,750,000
would be expected.

Cell V7: No measurable change in impact for the 1993 flood event. For future,
larger events in St. Paul District, there could be a small reduction
in human resources related disaster relief costs with this alternative in
place.

Cell V8: No measurable change in impact.
Cell V9: Based on FCIC payments, an estimate of $70/acre was paid. If it iS

assumed that this payment would no longer be made on converted acreage, an
estimate of the reduced expenditures would be $87.5 million for 1,250,000
acres .

Cell V1O: The change in land use in obtaining permanent conservation easements
would lead to reduced property values and decreased property tax receipts.
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The extent of this reduction, given the very large number of acres being
identified and the large number of jurisdictions that presumably would be
affected, has not been quantitatively estimated.

Cell Vll: No change in impact.

Cell V12: No change in floodplain acreage. Significant changes in wetland
acreage in the upland portions of the watershed would occur with this
alternative. Based on an assumptions outlined above, a 5% reduction in
runoff would require that 1.25 million acres of wetland be restored.

Cell V13: Beneficial impacts to migratory T&E species might be seen from this
alternative because of improved habitat conditions along migratory routes.
Increased upland wetlands could provide increased corridors for migratory
species that use floodplains for part of their life requirements.

Cell V14: no change

Cell V15: Slight Decrease. A change in flood stage for the 1993 event of

approximately 6 inches was calculated by the hydraulic/hydrology work group.
This would result in a decrease in extent of floodplain inundated but this
is not quantifiable at the level of detail of existing floodplain elevation
data.

Cell V16: Slight decrease. Reducing the runoff by 5 per cent would benefit
archeological sites by lowering the flood height by 6 inches. It is unknown
how many sites would benefit, however, and some would still suffer from
erosion. In general, decreasing upland run-off would limit the number of
sites affected by flooding, especially for more frequent minor events.

Cell V16A: Reducing the runoff by 5 per cent would benefit both historic
sites by lowering the flood height by 6 inches. Historic sites at Prairie
du Chien that suffered water damage would have had less, but still some,
water in their basements. Thus the effect of a flood equal to 1993 would
still be a -1 rating. In general, decreasing upland run-off would limit the
number of sites affected by flooding, especially for more frequent minor
events.

Cell V17: no change
Cell V18: no change

Cell V19: No measurable change in impact.
Cell V20: No measurable change in impact.
Cell V21: No measurable change in impact for the 1993 flood. There could be

a small reduction in the number of people vulnerable to flooding along the
major rivers with this alternative in place.

Cell V22: No measurable change in impact.
Cell V23: No measurable change in impact.
Cell V24: Land treatment costs are one approach; cost estimate not developed.
Cell V25: Acquiring permanent conservation easements on 1,250,000 acres, at

$1,000/acre, results in an estimate of $1,250,000,000.

Other Impacts: Generally, upland retention land treatment measures such as
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wetland restoration would have no adverse effects on cultural
resources and could benefit them by reducing fanning fmpacts.
Some activities which may require extensive grading or excavation
(such as terracing or construction of small retention resenoirs )
could destroy or inundate archeological sites. Therefore, the
potential effect for implementing this alternative was rated as -1
for archeological sites.

Water quality could be significantly improved to due to the
decreased amount of sediment and agricultural chemicals being
transported to the river. Wetland restoration and land treatment
would result in a substantial increase in wildlife habitat.
Waterfowl and other wetland/grassland dependant species would
directly benefit from these actions. On a regional basis,
restoration or improvement of these habitat types would increase
habitat divers ity and overall habitat quality for wildlife and
would provide significant recreational benefits.

Cell W1: No measurable change in impact.
Cell W2: No measurable change in impact.
Cell W3: An estimate of crop damages per acre, based on total crop losses

divided by affected acres, is approximately $160/acre. If it is assumed
that these damages would have been avoided if converted acreage to wetlands
had previously taken place, a reduction in damages of $400 million might
have been realized, using 2.5 mil. acres. NOTE: Cells W6 and W9, ag
disaster relief and crop insurance, presumably cover much of this damage.
These numbers are therefore NOT additive with the entry in this cell.

Cell W4: An estimate of damages associated with land restoration, ditch
restoration, and farm structure losses is roughly $2.30/acre, assuming all
three million acres were equally impacted. Total damages in this impact
category were estimated at $6.9 million in St. Paul District. If 2,500,000
acres had previously been converted, then approximately $5,750,000 in
damages might have been avoided. It is assumed that these damages were
among the losses covered by expenditures in tbe ag disaster relief impact
category (Cell W6) , so these numbers are NOT additive.

Cell W5: No measurable change in impact for the 1993 flood event. For future,
larger events in the St. Paul District, there could be a small reduction in
emergency response costs along major rivers with this alternative in place.

Cell W6: Disaster relief is estimated at roughly $95/acre ($284 million in
ag disaster expenditures for declared disaster counties in St. Paul District
divided by an estimated three million affected acres using FCIC records) .
If these expenditures are assumed to be no longer required on converted
acreage (2.5 milion acres in this case) , a reduction in cost of $237,500,000
would be expected.

Cell W7: No measurable change in impact for the 1993 flood event. For future,
larger events in the St. Paul District, there could be a small reduction in
human resources related disaster relief costs with this alternative in
place.
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Cell W8: No measurable change in impact.

Cell W9: Based on FCIC payments , an estimate of $70/acre was paid. If it iS
assumed that these costs would no longer be required on converted acreage,
an estimate of reduced expenditures would be $175 million, assuming
2,500,000 converted acres.

Cell W1O: The change in land use in obtaining permanent conservation easements
would lead to reduced property values and decreased property tax receipts.
The extent of this reduction, given the very large number of acres being
identified and the large number of jurisdictions that presumably would be
affected, has not been quantitatively estimated.

Cell Wll: No change in impact.

Cell W12 : No change in floodplain acreage. Significant changes in wetland
acreage in the upland portions of the watershed would occur with this
alternative. Based on an assumptions outlined above, a 5% reduction in
runoff would require that 2.5 million acres of wetland be restored.

Cell W13: Beneficial impacts to migratory T&E species might be seen from this
alternative because of improved habitat conditions along migratory routes.
Increased upland wetlands could provide increased corridors for migratory
species that use floodplains for part of their life requirements.

Cell W14: no change

Cell W15: Slight Decrease. A change in flood stage for the 1993 event of

approximately 12 inches was calculated by the hydraul it/hydrology work
group. This would result in a decrease in extent of floodplain inundated but
this is not quantifiable at the level of detail of existing floodplain
elevation data.

Cell W16: Slight decrease. Reducing the runoff by 10 per cent would benefit
archeological sites as this would lower the flood height by 12 inches . It
is not known how many archeological sites would benefit, however, and some
would still suffer from erosion. In general, decreasing upland run-off
would limit the number of sites affected by f100ding, especially for more
frequent minor events.

Cell W16A: Reducing the runoff by 10 per cent would benefit both historic
sites as this would lower the flood height by 12 inches. Those historic
sites at Prairie du Chien that suffered water damage would have had less,
but still some, water in their basements. Thus the effect of a flood equal
to 1993 would still be a -1 rating. In general, decreasing upland run-off
would limit the number of sites affected by flooding, especially for more
frequent minor events.

Cell w17 : no change
Cell W18 : no change

Cell W19 : No change in impact.
Cell w20: No change in impact.
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Cell W21: No measurable change in impact for the 1993 flood. There could be
a small reduction in the number of people vulnerable to major flooding
along the major rivers with this alternative in place.

Cell w22: No measurable change in impact.
Cell W23: No measurable change in impact.

Cell W24: Land treatment costs are one approach; cost estimate not developed.
Cell W25: Acquiring permanent conservation easements on 2,500,000 acres, at

$1,000/acre, results in an estimate of $2,500,000,000.

Other Impacts: Generally, upland retention land treatment measures and
wetland restoration would have no adverse effects on cultural
resources and could benefit them by reducing farming impacts.
Some activities which may require extensive grading or excavation
(such as terracing or construction of small retention reservoirs)
could destroy or inundate archeological sites. Therefore, the
potential effect for implementing this alternative was rated as -1
for archeological sites.

Water quality could be significantly improved to due to the
decreased amount of sediment and agricultural chemicals being
transported to the river. Wetland restoration and land treatment
would result in a substantial increase in wildlife habitat.
Waterfowl and other wetland/grass land dependant species would
directly benefit from these actions. On a regional basis,
restoration or improvement of these habitat types would increase
habitat diversity and overall habitat quality for wildlife and
would provide considerable recreational benefits.
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sT. LOUIS DISTRICT

L1 - L2

L3-L4

L5

L6 - L9

L1O

L12

L13

L14

L15

L17

L18

L21

L24
L25

M12

ANALYSIS

Reductions are estimated for damages to unprotected areas.

Increase

Decrease

Increase

Decrease
land not

Estimate

due to levees that held in 1993.

due to reduced flood fight effort.

due additional areas now flooded.

is due to estimated 35% decrease in value of crop
now protected.

is based on environmental work group’s assumption
that a conversion of 15% of levee -protec~ed agricultural
lands to wetlands will occur (10% from inundation or
saturation, 5% from annual f100ding) ; group also assumed
that proportion of resulting nonforested/forested wetlands
is equal to existing ratio of these two wetland types
within each District’s study area.

Estimate is based on judgement that more habitat will be
available for T&E species because of converted levee-
protected agricultural lands; habitat would be protected
based on environmental work group’s assumption that federal
government would acquire these areas.
Same as L12.

Based on estimate by IMS H&H analyst that this alternative
would protect 5 urban levee systems from flooding
reliability of estimate of inundated area will improve whan
GIS data become available.

Enviromnental work group assumed new nonforested/f orested
wetlands would be acquired by federal government.

Estimate based on judgement that additional public lands
will provide additional recreation sites.

L23 Reflects flooding in areas that were not inundated in
1993.

Reflects construction costs.
Reflects real estate/acquisition costs.

Not evaluated.

ATT 5-23



M13 Not evaluated.
M16 Not evaluated.
M15 Based on rough estimates of existing acres of land use/land

cover types protected/unprotected by levees ; estimate of
inundated area for this alternative is based on
interpolation between Alternative O (raise levees) and base
condition, and should be improved when GIS data become
available.

M17 Not evaluated.
M18 Not evaluated.

N1 - N9

N1O

N12-14, N17-18

N15

N19 - N23

N24

N25

012-14, 017-18

015

All increases reflect judgmental efforts to net the lower
stages in unprotected areas versus the induced flooding in
levee areas.

Reflects 10% decrease in land values in levee areas with
existing protection greater than 25-year.

Notching of agricultural levees estimated by LMS H&H
analyst to be confined to area south of St. Louis;
construction impacts and increased flooding due to
notching assumed to result in no land use/land cover
changes .

Based on rough estimates of existing acres of land
use/land cover types protected/unprotected by levees;
areas protected by flooding for this alternative were
estimated by LMS H&H analyet to include 5 urban and 8
agricultural levee systems; reliability of estimate of
inundated area will improve when GIS data become
available.

Reflects the judgmental net impacts of additional storage.

Construct ions cost associated with notching levees with
protection greater than 25-year.
Reflects real estate/acquisition costs.

Flood reduction from raised levees assumed not to cause
any land use/land cover changes; construction activities
(borrow) also assumed not to change land use/land cover.

Based on roueh estimates of existing acres of land
use/land cover types protected/unprotected by levees;
reliability of estimate of inundated area will improve
when GIS data are available.

P12-15, P17-18 It was assumed that no changes in land use/land cover
would occur due to higher urban flood protection;
construction impacts assumed to be confined to urban
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areas; LMS H&H analyst estimated that no additional areas
would be flooded.

Q12-15, Q17-18 It was assumedthatno changesin landuse/landcover
would occurdue to flood protection for priority
facilities; construction impacts assumed to be confined to
urban areas; LMS H&H analyst estimated that no additional
areas would be flooded.

R12 -15, R-17 -18 It was assumed that no changes in land use/land cover
would occur due to flood protection for all facilities;
construction impacts assumed to be confined to urban
areas; IJ.iSH&H analyst estimated that no additional areas
would be flooded.

S12-14, S17-18 Lxnd use/land cover assumed to be unaffected by increased
flooding.

S15 Based on rough estimates of existing acres of land
use/land cover types protected/unprotected by levees; LMS
H&H analyst estimated areas protected by flooding to
include 2 urban levee systems; reliability of estimate of
inundated area will improve when GIS data become
available.

v12-15, V17-18 Assumed that no changes in land use/land cover would occur
due to flood reduction; construct ion impacts located out
of floodplain; IllSH&H analyst estimated no change in
number of levee systems flooded.

W12-14, W17-18 Assumed that no changes in land use/land cover would occur
due to flood reduction; construction impacts located out
of floodplain; L1-iSH&H analyst estimated one additional
agricultural levee system protected from flooding.

W15 Reliability of estimate will improve when GIS data become
available.
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ATTACHMENT 6

Glossary

100-year flood: A term commonly used to refer
to the one percent annual chance flood. The
100-year flood is the flood that is equaled or
exceeded once in 100 years on the average, but
the term should not be taken literally as there is
no guarantee that the 100-yesr flood will occur
at all within a 100-year period or that it will not
recur several times.

Acre-footi An ama of one acre covered with
water to a depth of one foot. One acre-foot is
43,560 cubic feet or 325,851 gallons.

Action Alternative For this assessment, an
action alternative is a meosurc that has the
potential to efTect hydrologic and hydraulic
conditions of the river system.

Actuarial rates: Insurance rates determined on
the basis of a statistical calculation of the
probability that a certain event will occur.
Actuarial rates, also called risk premium rates,
era established by the Federal Insurance
Administration pursuant te individual community
Flood Insurance Studies mrd investigations
undertaken to provide flood insurmrce in
accordance with the National Flood Insurance
Act arrd with accepted actuarial principles,
including provisions for operating costs mrd

allowances.

Aggravation: The process of tilling mrd raising
the level of a streambed by deposition of
sediment.

Agricultural levee A levee that protects
agricukwral areas where the degree of protection
is usualIy less thmr that of an urban mea.

Antecedent Having occurred prior to the time
under consideration.

Authorization: House mrd Senate Public Works

Committee resolutions or specific legislation
which provides the legal basis for conducting
studies or constructing projects. The money

necessary for accomplishing the work is not a
pmt of the authorization, but must come from mr
appropriation by Congress.

Backwate~ The water surface of a stream
raised above its normal level by a natural or
mtificird obstmction.

Bank and channel stabilization: The process of
preventing bank erosion aad chaanel
degradation.

Basin: Drainageareaof a lakeor streamas:

riverbasin.

Bottomland hardwoods: Tree species that occur

on water-satarated or regularly inundated soils.
Classified es wetlands, these areas contain both
trees arrd woody shrubs.

cfs: The rate of flow (see Discharge) past a
given point, measured in cubic feet per seeond.
One cubic foot of water equals about 7 1/2
gallons.

Channel: A natural or artificial waterway which
periodically or continuously contains flowing
water.

Closure structure A movable stmcture built
along low points of a levee or floodwall, such as
a street or railroad intersection, to preveat
floodwaters from flooding the area protected by

the levee or floodwal[.

Collaborative approach: A commitment to
working collectively to solve complex,
interrelated concerns. A collaborative effort
requires more thmr consultation, coordination,
mrd seeing public input.

Community Assistance Program (CAP): The
progrma established by the Federal Emergency
Mrmagement Agency mrd intended to assure that
communities participating in the NFIP are

c~ing out the flood loss reduction objectives
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of the progrmm. The CAP provides needed
technical assistance to NFIP communities und
attempts to identify and resolve floodplain
management issues before they develop into
problems requiring enforcement action.

Community Rating System (CRS): A program
developed by the Federal Emergency
Management Agency to encourage -- by use of
flood insurunce premium reductions --
community end State activities that go beyond
the basic NFIP requirements; the CRS gives

communities credit for certain activities to
reduce flood losses, facilitate accurate insurance
rating, und promote the awareness of flood
insurunce.

Confluence: The place where streums meet.

Conservation tillage: Practices that reduce
cultivation of soil, leave a protective vegetative
layer on the surface, and thereby serve to reduce
or minimize soil erosion.

Control dam: A dam or structure with gates to
control the discherge from the upstream reservoir
or lake,

Conveyance: A measure of theflow carrying

capacityofa chaunelsection.

Crest: The highestwater levelat a given
location during a flood event.

Crib wall: A near vertical wall created by a
fremework of structural ties filled with soil.

Cross section: A plot which depicts the shape of
the channel in which a stream flows.

Cumulative impacts: The impacts on the
environment that result from the incremental
impact of un action when added to other past,
present und reasonably foreseeable actions;
cumulative impacts cau result from individually
minor but collectively significant actions taking
place over a period of time.

Dam: A barrier constructed across a valley for
impounding water or creating a reservoir,

Damages prevented: The difference between

damages occurring without the project and the
dum ages with the project in place.

Degradation: A process of lowering the level of
a streambed by scour mrd erosion.

Degree of protection: The magnitude of
protection that a flood control meaaure is
designed for, usually expressed ea a statistical
estimate of how often such a flood could occuq
i.e., “a 100-year flood. ”

Depth of flow: The vertical distunce from the
bed of a stream to the water surface.

Deposition: The mechanical or chemical process
through which sediments accumulate in a
(temporary) resting place. The raising of a
streum bed by settlement of moving sediment that
may be due to local changes in the flow such aa
during a flood event.

Design flood: The maximum amount of water
for which a flood control project will offer
protection. Selection is based on engineering,
economic and environmental considerations.

Dike: An embankment to confine or control
water andlor soil.

Discharge: The volume of fluid paasing through
a cross section of a stream per unit time.

Diversion channel: (1) An mtiticiul channel
constructed around a town or other point of high
potential for flood damages to divert floodwater
from the main channel to minimize flood

damages. (2) A chmmel cenying water from a
diversion dam.

Drainage basin: The area tributmy to or
draining into a lake, stream, or measuring site.

Drainage tiles: Short lengths of perforated pipe
made of clay, concrete, or plastic installed in soil
to remove water for the purpose of crop
production,
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Dredged material: The material removed in
excavating or dredging in access canals, heat or
navigation channels, drainage ditches, and lnkes.

Earthfill dam: A dam in whichthemain section

iscomposed principallyof earth,gravel,snnd,

silt,andclay.

Ecosystem:Biologicalcommunities(including

humens) and their environment (or watershed)
treated together as a functional system of
complementary relationships, including transfer
endcircrdation of energy and matter.

Encroachments: Activities or construction
within the floodway, including fill, new
constrrrction, substantial improvements, and other
development, that may result in m increase in
flood levels.

Environmental Assessment (EA): A planning
report which presents the first thorough
examination of alternative plans that positively
demonstrates that the environmental and social
consequences of n Federal action were
considered. If the EA concludesthatthe

proposalisa majorFedernlnctionsignificantly
affectingthe quality of the human environment,
an environmental impact statement will be
required.

Environmental Impact Statement (EIS): A
report required by Sectinn 102(2)(c) of Public
Law 91-190 for sI1 Federal actinns which
significantly affect the quality of the human
environment. The EIS is a detniled and formal
evaluation of the favorable nod adverse
environmental and social impacts of a proposed
project nrrd its alternatives.

Ernsion: The wearing of a lend surface by
detachment and movement of soil and rnck
fragments through the action of moving water
and other geological agents.

Executive Order 11988: The Floodplain
Management Executive Order, issued in 1977,
specifying the responsibilities of the Federal
agencies in floodplain management. EO 11988
directed Federal agencies to evaluate and reflect
the potential effects of their actions on

floodplains nnd to include the evnlnation and
consideration of flood hazards in ageney
permitting and licensing procedures.

Feasibility study: An evaluation of a water
resources problem to determine if a proposed
work is technically, environmentally, and

economically sound.

Federal levee: A levee system constmcted by a
Federal agency such as the U.S. Army Corps of
Engineers, Natural Resource Conservation
Service, or Bureau of Reclamation.

Flank levee: A levee constmcted nendy
perpendicular to the streamflow.

Flat pool: The pool on the upstream side of a
navigation lock end dnm where the water surface
level is nearly horizontal or has a very mild

slope.

Flnod/flooding A general nrrd temporary

condition of partial or complete inundation ef
normally dry land areas from the overflow of
river and/or tidal waters mrd/or the unusual
accumulation of waters from nrry source.

Flood capacity: The flow carried by a stream or
floodway at benk-full water level. Also, the
storage capacity of the flood pool at a reservoir.

Finnd coatrol structures: Stmctures such es
dams, dikes, levees, dreinage canals, nrrd other
structures built to modify flooding snd protect
areas from floodwaters.

Flood crest: The highest or peek elevation of
the water level during a flood in a strenrn.

Flood discharge The quantity of water flowing
in a stream and adjoining overflow areas during
times of flood. It is mensured by the amount of
water passing a point along a stream within a
specified period of time end is usually mensured
in cubic feet of water per second (cfs).

Flnod Insurance Rate Map (FIRM): An
oftlcial map of a community on which the
Federal Emergency Management Agency hss
delineated both the special hazard arens and the
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risk premium zonesapplicabletothecommmrky.

FIRMs typicallyidentifythe elevationof the

one-percentannualchmrcefloodmrd theareas

that would be inundatedby that levelof
flooding;they are used to determine flood
insurance rates and for floodplain management.

Flood insurance: The insurance coverage
provided through the National Flood Insurance
Program,

Flood of record: The highest flood historically
recorded at a given location.

Floodplain: Valley lend along the course of a
stream which is subject to inundation during
periods of high water that exceed normal bank-
full elevation.

Floodplain management regulations: Zoning
ordinances, subdivision regulations, building
codes, health regulations, special purpose

ordinmrces that cover, for example, floodplains,
grading, mrd erosion control and other
regulations to control future development in
floodplains and to correct inappropriate
development already in floodplains.

Floodplain management: A decision-making
process whose goal is to achieve appropriate use
of the nation’s floodplains. Appropriate use is
any activity or set of activities that is compatible
with the risk to natural resources and human
resources. The operation of an overall prugranr
of corrective and preventive measures for
reducing flood damage, including but not limited
to watershed management, emergency
preparedness plarrs, flood control works, surd
floodplain management regulations.

Floodplain resources: Natural and cultural
resources including wetlands, surface water,
groundwater, soils, historic sites, rmd other
resources that may be found in the floodplain
and that provide importemt water resources,
living resources (habitat), ad c“ltiral/historic
values.

Floodproofiag: Techniques for preventing flood
damage to the structure and contents of buildings
in a flood hazard area.

Floodwall: Wall, usually built of reinforced
concrete, to confine streamflow to preveat
flooding.

Floodway: The channel of a river or other
watercourse mrd the adjacent land areas that
must be reserved to discharge the base flood
without cumulatively increasing the water
surface elevation more than a designated rnaount.
The floodway is intended to cmry deep and fast-
moving water.

Flow rate Rateofflow(discharge)ata specflc
locationina riverorfloodplain.

Freeboard:(1)Verticaldistancebetween the

normal maximum levelof the surfaceof the
liquidin a conduit, reservoir, tank, canal, etc.,
and the top of the sides of the conduit, reservoti,
canal, etc. (2) An allowance in vertical distance
above the design water surface level.

Frequency: The number of repetitions of a
random process in a certain time period.

Gage A device used for meaaruiag
environmental parameters (i.e., water levels,
precipitation, temperature, water quality
parameter, etc.)

Gaging station: A location on a stream where
one or more variables are measured to record
discharge and other parameters.

Geographic Information System (GIS~ A
computerized system designed to collect,
manage, end analyze large volumes of spatially
referenced end associated attribute data.

Gravity drainage outlets: (1) Outlets for gravity
drains such as tiles, perforated conduits, etc.,
servicing an agricultural area and discharge into
a drainage ditch. (2) Pipe, culvert, etc., used fnr
dewatering ponded water by gravity frnm leveed
areas.

Groin: A wall-like structure built perpendicular
to the shore to trap sand and prevent beach
erosion.
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Habitat: The total of the environmental
conditions which affect the life of plants and
animals.

Headwaters: (1) The upper reaches of a stream
near its source, (2) The region where
groundwaters emerge to form a surface stream.
(3) The water upstream from a structure.

Historic flows: The collection of recorded flow
data for a stream during the period of time in
which stream gages were in operation.

Hydraulic model: An analytical or physical
scale model of a river used for engineering
studies.

Hydraulics: The study rmd computation of the
characteristics (e.g., water surface elevation,
velocity, slope) of water flowing in a stream,
river, or man-made channel.

Hydrography: A graph showing, for a given
point on a stream or channel, the discharge,
water surface elevation, stage velocity, or other
property of water with respect to time.

Hydrology: The studies of the properties,

distribution, and circulation of water on the

surface of the land, in the soil, and in the
atmosphere.

Impact assessment: An analysisofchangesin

economic,environmental,or socialresourcesin

comparing 1993 flood base conditionswith

conditionsresultingfrom implementationof
scenariomeasuresoractionalternatives.

Impoundment: A body of water formed by
collecting water, as a dam.

Land treatment measures: Measures used to
reduce runoff of water to streams or other areas;
techniques include maintenance of trees,

shrubbery, aad vegetative cove~ terracing; slope
stabilization; grass waterways; contour plowing;
and stip fanning.

Left or right bank of riven The left-hand or
right-hand beak of a stream when the observer
faces downstream.

Levee A dike or embankment, generally
constructed close to the brinks of the strcran, lake
or other body of water, intended to protect the
hmdword side from inundation or to confine the
streamflow to its regular channel.

Level of protection: Same as degree of
protection.

Lift: The differmrce in elevation between the
upstream and downstream water surface levels in
a lockand dam system.

Lift span bridge A bridge having a movable
span which remains horizontal while being lifted
vertically by cables arranged through towers at
both ends,

Lift station: A small wastewater pumping
station that lifts the was.tewater to a higher
elevation when the continuance of the sewer at
reasonable slopes would involve excessive
depths of trench.

Lock An enclosed part of a canal, waterway,
etc., equipped with gates so that the level of the
water carI be changed to raise or lower from one
level to another.

Lock operation: Locks fill rmd empty by
gravity, with no pumps required to raise or lower
the water level. To raise the water level, vafves
arc opened above the upper gates and water
flows into the lock through tunnels in both lock
walls. This process is reversed to lower water in
the lock. Valves are opened below the lower
gates mrd water drains out of the lock threugh
the tunnels. Gates at both ends of the lock open
and close electrically after the proper water level
has been reached.

Lower Mississippi River Basin: The portion of
the Mississippi River Basin that drains into the
Mississippi River from its confluence with the
Ohio Rker to the Gulf of Mexico.

Lower Mississippi Rlve~ The reach of the
Mississippi River from the confluence of the

Ohio River at Cairo, Illinois, to the Gulf of
Mexico.
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Meander: The name given to the winding
course of a stream or river. The shape and
existence of the bends are a result of alluvial
process and are not determined by the nature of
the terrain through which the stream flows.

Meteorology: The science that deals with the
atmosphere mrd its phenomena, especially with
weather and weather forecasting,

Middle Mississippi River: The reach of the
Mississippi River between its confluence with
the Mksouri RiveratSt.Louis,Missouri,andits

confluencewiththeOhio RiveratCairo,Illinok,

Miter gates:A typeofgatecommonly usedto

trapwaterirra lockchamber,

Mitigation:Any action taken to permanently
eliminate or reduce the long-term risk to human
life and propecty and the negative impacts on
natural and cultnral resources that can be caused
by natural and technological hazards.

Mitigation lands: Lands acquired to Offset
adverse impacts of water resource (or other)
projects.

Mouth of river: The exit or point of discharge

Of a stream into another stream, a lake, or the
sea.

National WetIands Inventory Project:
Wetlands mapping on a national basis performed
by the U.S. Fish mrd Wildlife Service to provide
scientific information on the extent and

characteristics of the nation’s wetlands and
consisting ofdetailed maps and status arrd trends
reports.

Natnral resources and functions of
floodplains: Include, butarenot limited to, the
following: natural flood and sediment storage
and conveyance, water quality maintenance,
groundwater recharge, biological productivity,
fish and wildlife habitat, hmvest of natural and
agricultural products, recreation opportunities,
and areas for scientific study arrd outdoor
education.

Navigation channel: The channel maintained in
a body of water for the purpose of assuring a
depth adequate for commercial vessels.

NGVD: Acronym for National Geodetic Vestical
Datum. Avertical datum plane reference which
has replaced mean sea level,

Non-Federal levee Any Ievee or levee system
constructed by a non-Federal agency, which is
operated and maintained by a public sponsor.

Nonstrnctrrral measnres: A term originally
devised to distinguish techniques that modify
susceptibility to flooding (such as watershed
management, land use planning, regulation,
floodplain acquisition, floodprooting techniques
and other construction practices, end flood
warning) from the more traditional structural
methods (such as dams, levees, and channels)
used to control flooding.

Normal precipitation (or temperature): The
average precipitation over the most recent three
decades based onalocal orregional station, for
which long-term records are available.

1% Flood: This isthesaare asalOO-yeac flood
and is a flood which has a 10/. chance of
occurrence in any given year.

Overbank The area in a river which lies
between the bmrk of the main channel aod the
limits of the floodplain.

Oxbow lake A lake formed in the meander of
a stream, resulting from the abandonment of the
meandering course due to the formation of a new

channel course.

Planform: The form and size of a channel aad

overbank features as viewed from above.

Pile dike: A dike constructed of posts of similm
piling driven into the soil.

Pending area: An area resecved for collecting
excess rmroff preparatory to its being discharged
whether by gravity or by pumping from a leveed
area.
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Pool: A smallend ratherdeep body of quiet
water as: water behind a dam.

Private levee: A levee constructed, owned, and
maintained by one or more individual

landowner(s).

Pumping station: A structure containing pumps
which is used to evacuate runoff from behind
levees during periods when high river levels
prevent gravity drainage.

Reach: A length, distmrce, or leg of a channel or
other watercourse.

Recurrence interval: Tbe statistically derived
probability of occurrence of a flood event
converted to a time interval (e.g., a l% chance
flood = 100-yeer flood).

Regulatory floodplain: The area adjoining a
river, stream, leke, or ocemr that is inundated by
a regulatory flood. In riverine eras, the
floodplain usually consists of a regulatory
floodway und regulatory flood fringe (also
referred to as a floodway fringe). In coastal
areas, the floodplain may consist of a single
regulatory floodplain area or a regulatory high-
hazard area end a regulatory low-hazard area.

Regulatory floodway: The area regulated by
Federal, State, or local requirements to provide
for the dischecge of the base flood so the

cumulative increase in water surface elevation is’
no more then a designated amount (not to exceed

one foot as the minimum standard set by the
National Flood Insurance Progrum).

Rehabilitatiou: A major repair job. Usually
involves considerable reconstruction of already
existing structures.

Repetitive loss structure: A structure covered
by a cnntract for flood insurance that has
incurced flood related darnage on two nccasions

during a 10-yeer period in which the cost of
repair, nn the average, equaled or exceeded 25
percent of the value of the structure at the time
of each such flood event. (PL 103-325, Title V,
Sectinn 512)

Reservoi~ A pond, lake, tank, besin, nr other
space, either natnral or created in whole or in
part by the building of a structerc such es a dens,
which is used for storage, regulation, end contrcd
nf water for flood control, power, navigation,
recreation, etc.

Retarding dam: A dmn used to rednce the
floodflow nf a stream through tempnrary storage.

Revetment: (1) A facing of stone, concrete,
sandbags, etc., to protect a streambank of earth
from erosion. (2) A retaining wall.

Riprap: A layer, facing, or protective mound of
randomly placed stones to prevent erosion, scour,
or sloughing of a structure or embankment.

Rlparian ecosystems: Distinct associations of
soil, flora, mrd fauna occurring along a river,
streanr, or other body of water and dependent for
sucvival on high water tables mrd occasional
flooding,

River basin: A water resource basin is a portion
of a water resource region defined by a
hydrological boundmy which is usuefly the
drainage area of one of the lesser streams in the
region.

River region: A water resource region is a

major hydrologic area consisting of either the

drainage urea of a major river, such es the
Missouri River, or the combined drainage areas

of a series of streams.

Rkk The probability of being flooded.

Rock closing dams: In reaches of rivers where
multiple chmrnels em formed by islands, rock
dikes that speo the side channel, generally where
it depurts from the main chennel, em called mck
closing dams. They serve to direct flow to the
main channel.

Rock dike: An embnrrkment built principally nf
rock.

Runofi Flow that is discharged from en area by
stream channels; sometimes subdivided into
surface smrnff, grourrdwater runoff, end seepage.
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Sandbag closure: A tempornry closurestructure

consistingof srmdbags. This closure may be
found where a levee or floodwall has a sudden

break in grade such as in a street crossing.

Sandbagsrueusedtoclosethestreetintimesof

highwatertopreventflooding.

Scenario: For ‘this assessment, a scenario is
defined es a combination of policy and prngrrmr
changes that have the pntential to affect the use
of floodplains, and thus exposure to flooding.

Scour: The enlargement of a cross section of a
stream by the removal of boundnry material
through the action of fluid motion.

Scour hole Erosionalholesdevelopedas a

resultofbreachedlevees.Locallycalled blow,
blew, or blue holes.

Section 409 Hazard Mitigation Plan: A plmr
prepsred as required by Section 409 of the

RObefi T. StatYord Disaster Relief and
Emergency Assistmrce Act of 1988 by any
jurisdiction that receives Federal disaster
assistance.

Sedimenti A collective term meuning an
accumulation of soil, rock, and mineral particles
tsrmsported or deposited by flowing water.

Sedimeut load: The total sediment composed of
suspended load turd bedload transported by a
stmnm. The suspended load is composed of tine
sediment transported in suspension, while
bedload is composed of relatively coarse material
transported alnng or near the bottom.

Sediment sample: A quontity of water-sediment
mixture or deposited sediment that is collected to
characterize snme propesty of the sempled
medium.

Sedimentation: A process that consists of five
steps: (1) weathering, (2) eresinn, (3)
transportation, (4) deposition, and (5) digenesis,
or consolidation into rock. Also refers to the
gravitational settling of suspended particles.

Sedimeutatiou basin: A basin or tank in which
water or wastewater containing settleable solids
is retained to remove (by gravity) a past of the
suspended matter.

Shoal area: Patches nf smrd, gravel, or other
hard bnttom lying at shaflow depths.

Sill: (1) A horizontal beans forming the bottom
of an entrance to a lnck. (2) Also, a low
submerged dam-like structure. built to contrnl
riverbed scnur and cursent speeds.

Slack-water area: (1) In tidal waters, the mea
where tidal current velocity is at a minimum;
especially the moment when a reversing currcut
chenges direction mrd its velocity is zero. (2) In
streams, a place wberc thera is very fittle cussant.

Slope A portion nf ground or a stream having
rm upward or dnwnwesd inclination.

Slough: (1) A small muddy marshland or tidal
waterway, which usuelly comects other tidsi
mess. (2) A tidelmrd or bottomkmd creek. A
side channel or inlet, as from a river or bayou,
that may be connected at both ends to a parent
body of water.

Spillway: A waterway of a dam or other
hydraulic structure used to discharge excess

water tn avoid overtopping of a dam.

Spuil material: See Dredgedmaterkd.

Spot dikes: A series of smell dikes or levees
tilling lnw spots along a bsnk.

Stage The elevation of the water surface above
or below an arbitrary datum.

StagC-Discharge (rating) curve A graph that
defines the relationship between dischsrge mrd
water surface elevation at a given location.

Standard project flood: A flnod that msy be

expected frnm the most sevens combination of
meteorological snd hydrological conditions that

me seasonably characteristic of the geographical
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region involved, excluding extremely rare
combinations.

Stem of a rivefi The primary axis of the rive~
the main channel.

Stop-log closure: Loga, planks, cut timber, steel,
or concrete bemns fitting into the guides between
walls or piers to close an opening in a levee,
dam, or conduit to the passage of water. The
logs am usually placed one at a time.

Stream discharge The volume of flow passing
a stremn cross section per unit time.

Stream gage: A device that measures and
records flow characteristics such as water surface
elevation at a specific location on a stream.
Sediment transport measurements are usually
made at stream gage sites.

Stream profilti A plot of the elevation of a
stremnbed or water surface versus distance along
the stream.

Structural measures: Measuressuch as dams,

reservoirs, dikes, levees, floodwalls, channel
alterations, high-flow diversions, spillways, and
land treatment measures designed to modify

floods,

Substantial damage The nmount of damage to
a structure caused by flooding that may be
snstained before certain regulatory and flood
insurance requirements are triggered. As defined
in NFIP regulations, a building is considered
substantially damaged when the cost of restoring
the building would exceed 50 percent of the

market value of the stmcture.

Swale: (1) A slight depression, often wet and
covered with vegetation, (2) A wide, shallow
ditch, usually greased or paved.

Swing span bridge: This is the span of a bridge
across a navigable stream that rotates to allow
tall shipa to paas through the bridge.

Synnpsis: A condensed statement or outline.

Tailwate~ The water surface elevation
downstream from a stmcturc such as below a
dam, weir, or drop stmctore.

Tainter gate A semi-circular gate which opens
and closes through pivoting on a shaft. It is
used to control the flow of water over a
spillway.

Tributary: A atmam or other body of water that
contributes its water to mrother stream or body
of water.

Uncontrolled spillway: An overflow spillway
having no control gates.

Upper Mississippi River Basin: The portion of
the Mississippi River basin that is above the
confluence of the Ohio River. It includes the
Missouri River Basin.

Upper Mississippi Rke~ The reach of the
Mississippi River from its confluence with the
Missouri River at St. Louis, Missouri, upstream
to its headwaters at the outlet of Lake Itaaca io
Minnesota.

Urbaa levee Levees which provide a high
degree of flood protection (50-or 100-yearlevel
or greater) to predominantlyurbanized areas.

Vertical lift gate: A gate that moves vertically
in slots or tracka in piers arrd consists of a skin
plate end horizontal girders which transmit the
water load into the piers.

Watershed: The whole surface drainage area
that contributes water to a collecting river or
lake.

Wetlands: Those areas that are inundated by
surface water or groundwater with a frequency
sufficient to support and, under no~d
circumstances, does or would support a
prevalence of vegetative or aquatic fife that
requires saturated or seasonally saturated soil
conditions for growth rmd ~production.
Wetlands generally include bottomland
hardwoods, swamps, mnrahes, bogs, aad similar

. .
areas such as sloughs, potholes, wet meaaows,
river overflow, mud flats, and naturaf ponds.
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Wing dam: A wall, crib, row, pilings, stone
jetty, or other barrier projecting from the bank
into a stream for protecting the bank from
erosion, arresting sand movement, or for
concentrating the low flow of a stream into a
smaller channel.
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ATTACHMENT 7

ACRONYMS & ABBREVIATIONS

ac-fi

ACR
ASCS

ASFPM

BfA
BCR
BoR
CA
CDBO
CEA
CELMS
CEQ

CERCLA

CFR
CRS
Cfs

CFSA
CN
cm
COE
CRP
CVM
CWA
CZMA
DNR
fx3c
DOD
001
DOT
EA

EDA

EEP
EIS
EMP

EMTC

EN SO
EO
EOC

EOP

EPA
EROS
ERS
ESA
EWP
EWRP

acre-feet

Acreage Consemation Reserve
Agriculiucd Stabilization and Conservation
Service (USDA)
Association of State Flcatplain Mmagers

Bureau of Indian Affairs
Beneiitfcost ratio
Bureau of Reclamation
Cooperative Agreements
Ccnmmmity Development Block Cicmt
Council of Economic Advisors
St. Louis District (U.S. Army Corps of EnSineers)
Council on Environmental Quality
Cmnprehe”sive E“vircmmental Respome,

Compensation and Liability Act
Code of Federal Regulations
Community Rating System
cubio feet per second

Consolidated Farm ServicesAgency
Curve Number
Cable News Network
(US.) Army Corps of Engineers
Conservation Reserve Program
Contingent Valuation Method
Clean Water Act
Coastal 2.”. Management Act
Department of Natural ffeso”rces

Department of Commerce
Department of Defense
fU.S.) Department of the Interior
Department of Transportation
Environmental Assessment

Economic Development
Adminis!ntion
Environmental Easement Program
NEPA Environmental Impact Statemem
Environmental Management Program

Environmental Management Technical
Center (an .aKtce of the National
Biological Survey at Onalmk., WI)

El Nino Southern Oscillation
Executive Order

Emergency Operations Center(s)
(U.S. Army Corps of Engineers)

Executive Office of the President
fUS.) Environmental Pmte.tion Agency
Earth Resources Observation System
Ec.mmmi. Reseamh Service
Endangered Species Act
Emergency Watersb.d Protection Program
Emerge”.y Wettands Reserve Pmgmm

FAA
FACTA

FCIC
FCO

FEU
FFA
FODC
FIPS
FIRM
FmHA
FPMA
FR

FS
FSA
FWS
FY
GIS

H&H
HEC
HEL
HOME
HR
HREP

HUD

lFMRC

IFSARE

IAD
MWCON
LIDAR
LTRMP
LMs
LMVD

maf
MARC
MLRA
MM&MR
MR&T
MRBA
MOA
MOU

MRC
NASA
NBS
NCD

Federal Aviation Administration
Food, Agriculture, Consetvaticm and

Trade Act of 1990 (the 1990 Farm Bill)
Federal Cmp Insurance Corporation
Federal Coordinating Officer
Federal Emergency Management Agency

Future Famrem of America
Federal Geographic Data Committee
Federal fnformaficm Processing gtandards
Ftood fUSUG311C. Rate Map

Farmers Home Administration
Floodplain Management Assessment
Federal Register
Forest Service

Food Security Act
U.S. Fish and WJdlife Service
Fiscal Year
Geogmphic Information System

hydrologic and hydraulic
Hydrologic Engineering Center
Highly Erwfible Land
HUD HOME Investment Pamership Program
House of Representatives Bill
Habitat Rehabititfdion and Enhancement
Projects
Depatient of Housing and Urban
Developrnemt
Interagency Fkwdplain Management Review
Committee
fnterFemmetic Synthetic Aperhmc Radar for
Elevation
Lock and Dam

Land and Water Conservation Fund
Light Detection and Ranging

fang Term Resource Monifmimg Program
St Louis District fU.S. Army Corps of Engineem)

Lower Mississippi Valley flvisi.on
fU.S. Army Corps of Engineers)
million acre feet
Midwest Area River Coalition
Major Land Resoume Area
Major Maintenance and Major Rehabilitation
Mississippi River and Tributaries Pmjeot
Mks.auri River Basin Association
Memorandum of Agreement
Memorandum of Understanding

Mksissippi River Commission
National Aeronautics and Space Administration
National Biological Suwey
North Central Division (U.S. Army Corps of
Engineers)
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NCR

NCS
NEPA
NFIP
NGO
NGVD
NHPA
NOAA

NPDES

NPR
NPS
NRCS
NRD
NRI
NWS
Occ,
OMB

P&G

Pas

PL
PFw
PPM
RCC

RCRA

RDA
RFPE

Rock Island District (U.S. Army Corps of
Engineers)
St. Paul District (U.S. Army Corps of Engineers)

National Environmental Policy Act
National Flood Insurance Program
Non-Governmental Organization
National Geodetic Vertical Datum
National Historic Preservation Act
National Oceanic and Atmospheric Administration
National Pollutnnt DischaWe Elimination
System (sites)
National Performance Review
National Park Service
Natiral Resources Ccms.erwtion Service
Natural Resources District
National Resowc. I“ve”tmy
National WeaUw Service
Occurrences
Oflice ofManagememandBudget
Economic and E“viromne”tal Principlesand
GuidelinesforWaterandRelatedLandResources
Prh.iplesand Standards for Plamhg
WaterandRelatedLandRescwmm
public Law
Parmem for Wildlife
policylpr.zymn IIIeaswe
Reservoir Control Center ~.S. Army Corps of
Engi”..rs, Missowi Rtver Division)

Resource Conservation and Recovery Act
Rural Developm.mt Admi”istmtion
Regulatory Flood Protection Elevation

RRSA Refuge Revenue Sharing Act

R.M. or RM river mile
s
SAR
SAST

SBA
Scs
SHPO
SPF
STATSGO
SWAP
T&E

TIGER

TVA
UCOWR
UDF
UMR
UMRBA
UMRBC
UMRCC

Senate Bill
SyntheticAperture Radar
Scientific Assessment smd Strategy T=am
(of the IFMRC)
Small B.s.i”ess Admi”istmtiom
Soil Co”servatioII Service (now NRCS)

State Historic Preservatkm Off,ce
Standard Project Flood
State Soil Geographic Data Base
Small Wetlands Acquisition Program
threatened md endangered

Twdwically lntegmledGe.gmpbiwdly
Encoded Refermce
Tennessee Valley Awbm-ity

Universities Council on water Rescwct?s
wban design flc-ad

Upper Mksissippi River

Upper Mississippi River Basin Association
UPPer Mississippi River Basin Commission
Upper Mississippi River Conservatism Commiuee

UMRS-EMP Upper fdksissippi River System Envircmmemat
Management Program

UNET Mathematical hydraulic computer model that
simulates one-dimensional, unsteady flows
in rivers and tlocdplains

USACE U.S. Army Corps of Engioeers

Usc United States Cede
USEPA U.S. EnvironmentalProtectionAgency
USDA U.S. Departmentof Agriculture
USFWS U.S. Fish and Wildlife Service

USGS U.S. Geological Survey

WRC WaterResourcesCouncil
WRDA WatefResources Development Act (of any

year)
WRP wetland Reserve Program

WSEL water surface elevation

(Anumberofacronymsaredrawnfmm “Sharing tbe Challenge FloodplainManagementintotie21stCcnbMY”byfbe
MemgencyFloodplainManagementReviewCommittee, in addition to those appwing thb flc+dplain management assessment)
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ATTACHMENT 8

Mapping/Spatial Data Index

The following abridged metadata listsdescribe several oftie spatial data aets developed or

modified for various FPMA analyses. A contact person or oftice is provided for additional

information regarding each data set. Much of the GIS data used by the FPMA were already available

from a variety of sources, but several data sets were created for the specific requirements of the FPMA

and the FPMA study area. Numerous spatial data sets were provided by the Environmental

Management Technical Center (of the National Biological Service), the SAST, the NRCS, and the

EPA, andmuch data wasalready available ineachoftie five FPMACo~s Dis@icts. To help those

w itb INTERNET access, the home page addresses or other locations that can lead to some of these

available data sets are provided below. In most caaes a contact, address, or other information is

provided at those home page sites to help locate information of interest.

Several of the data sets described below may also be available in other Districts than just the

ones described but in slightly different formats. The Corps of Engineers link into the National Spatial

Data Infrastructure (ht@://corpsfleol. u.racaarmy.m”L() will be the USACE Geospatial Metadata and

Data Server, a repository of Corp geospatial metadata that is accessible to all through the use of tile

tranafer protocol (ftp) or Wide Area Information Server (WAIS) software. In the near future, it will

also be a repository of Corps data. This site can be accessed at

http://cofps~eol. usactzarnsyrrsil(geo@-gateway.htrrd and includes Iocationa for all Corps of

Engineers District and Division offices and research laboratories.

The Corps of Engineers North Central Division has a Floodplain Management Assessment

page at: http:/7rvww.usacearmy. ti:80/ncWfptihti and although this page is currently under

development, it is intended to make the executive summary of the final report available at this site

when the report is published in June.

The Corps of Engineers also maintaina a 1993 Flood Data home page, a public

accesdlrrowsing site for data and maps from the 1993 flood of the Mississippi and Missouri Rivers

and their tributaries. That project was conducted by the Lower Mississippi Valley Division, with

support from the Waterways Experiment Station Environmental Laboratory. Products include GIF

Files of Flood Damages and summary tables of the data behind the map GIFs. There is also a map of

the flood extent for the 1993 flood available for viewing. This home page is available at

http:/7www. wes.army.m”UEDjlooWf193home htrrd.

The use of GIS as an analysis tool has been very helpful in determining impacts of the flood

of 1993 as well as the alternative analyses. Many products were produced in both a soft copy and
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hard copy format. The products assisted District personnel in collecting, manipulating and interpreting

the requirements of the Flood Plain Management Assesment. More detailed products could have been

produced with additional resources in both funding and primarily personnel. Digital spatial data sets

used for the FPMA include the following:

+ LANDSAT Landcover

+ 1993 Flood Extent (Satellite Imagery Interpreted and various aerial photographs)

+ Missouri River Basin States Association Land Use

+ Floodplain boundaries

+ Levees

+ Flood extents from UNETmodelling

+ U. S.G.S. 7-1/2 Minute Quadrangles (various data from digitized or scanned quads)

+U.S,G. S. Digital Line Graph files (Hypsography, roads, rails, hydrology, counties, states) from

1:24,000, 1:100,000 and 1:2million scale data

+National Wetland Inventory

+Various critical facility data sets

+ Bluff lines

+ Hydrologic Unit boundaries

+ STATSGO soils

+ TIGER County Data

+ Geographic names Information System Data Sets

+ Government mmragement areas

+ Bridges

+ and many others

Links to other sources of spatial data related to floodplain management are provided below:

The SAST Data Set List h#p://edcwww2.cr. usgs.gov/dslist htnd

The USGS Generic Metadata for Upper Mississippi and Lower Missouri Data

http://edcwww.cr. usgs.gov/nsdr7htnd/sastisast

The Environmental Management Technical Center http://www.erntc nbs.gov

USGS Data Products: http://www. usgs.gov/data/inder. htnd

NaturalWetlandInventoryData http:/7www.nwifws.gov

The Environmental Protection Agency, http:/7www.epa.gov
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NOTICE: The U.S. Army Corps of Engineers assumes no responsibility for errors in the information

documented. Similarly the U.S. Army Corps of Engineers assumes no responsibility for the

consequences of inappropriate uses or interpretations of the data made by anyone to whom this data

has been made available. The Corps bears no responsibility to inform users of any changes made to

this data. Anyone using this data is advised that precision implied by the coverage may far exceed

actual precision. Comments on this data are invited and the Corps would appreciate that documented

errors be brought to staff attention.
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DATASET 1S92UNDSAT Lmdcnver

DOCUMENTATIONDATEAwl 24, 1995
DATATHEMELandU$ai LandCovar
DESCRIPTIONland mm, asWemind W lANDSATsaidldehnawy In!em.atakmUsin.atheAndmumLwal 1 hndusm!amcow drasfmim smlem
ABSTRACTThs covuwe Cantd.swho.. ro$resmtingdfleren!Andrew.Level1Em war areas asse-mw meIANDSATsatellileduring1-2. Theminimum

raaoltionk 30maters

STATUS UnT4.!e

GEOGRAPHIC AREA The .LWI MWdSFQiam M590.ri mmdminage basins

MAPPROJECTIONSUnim$alTram- M@realu(UTM]zone15.
MAPUNITSme!ma
DATUMNAD27

SOFTWAREVERSlONARCllNFOV.67,1,S.. SFwkaatk.n

INTENDED uSE OFOATAlhii @I w desq.edasa meanstoNON. infwma~kmat-mlme!aM -, Iu theUp$erMksi5$!PPRivwBasinWI m totheIlc.Mng
of1693.

LIMITATIONSOFDATAThe @t!coal accmac? of the COW18W ccudinaled & , deduclhn &mate bad 0“ mibla - that may ham ws”med during each

LUC4.cim step. Thm9 em I.cbde cn.rm of data and .xcmmmt. wjeaiin. The xcuracy Is esum!ed to be 170 feat

COVERAGE DEVELOPERS SCMWC —,”1 and S!mtew Team (SAST).

CONTACT SAST Oatabasa Adminkwmcf, EROS Da@ Center, us, Genkgka survey

CRY sm. Falia

sate m PcornnceSD
POsla_cQm57!98

Conlacvohe Temmom 805594 603?

MEDIA UT. lwa

AUTHORIAGENCYEmthSateltileCUP
PUBLISHEDDATES1092
SCALE30metmmsclutin
PROJECTIONUTM-15, NAD21

PROCEDUREUSEDTOCREATETHEDATA EadIIsd wmhasnd from EO%T the W40SAT tiwed hx tk midwst h 4992. my med me kmgw maw. to

ex!rti time areas that mm the dtfw.nl dmikata. wametm $x Andwson Lwal 1. Tm AFKXNFOPOW cowage wasmenderhumdtoSAST
[Scb.lifmAmakah-merit Team]a mulllagew ww@m”P‘auklngat EROSDamCanterInSW. fall, SD. Nochmgeawam..& bytheSAST
91WP.TM da@ml thenoivn.10theUSAmIY CUP C4 Ewimem Mm dmnibd i.fmm.n e.bati Emlhsatk a.e.iyds technique can h obtmned m
Emihsmcm Theiraddresaandtdephmenumberu asWcw.a

Emh Satenii CUP.

6.311 ExwwtFF/a Bc4bvard

S.- 400

170cbw+b, MD 20852

(301) 231_0.

REVISIONS MADE TO DATk m

REFERENCES:.0..
COMMENTSwne

PaiywnAlbibti, Fib Items(PAq
LUCODE.TheAndwamLeW 1 m-d=.

0 = Nc4intheStudy.,.,.
1= Uban .XdevebPeS
2 = A@aJlum
3 = RwQe!ana
4. FUestti Lam
5. waler
6 = Wet!ands
7 = Barren

252=Cbudti Cbud Shah

ACREAGE the . ..&r cd am fw each WWT.

I DOCUMENTATIONDATEAF@!19,1995
OATATHEMEBoundm!ad
OESCRIMIONTM etint d Ilccdn.ainJub0! 1993asc+lwed bylANDSATWel~ti bnagew
ABSTRACTTM rwvwageshow ltmarmsmatm s!andiqwalerduringIM JulY.Aw.sl1993tbcd.9 intheM?dwastAndguilh. waswed 10ezlmtiIhessareas

humtheLANDSATLmwuryandconmfiii intoa F.OWO”M ARCJlnlo-m.

STATUSCCWW
GEOGRAPHICAREAThe.PW M=kstppiandMlmo.d rk’or drmw. t.asl.s (S!. Paul, MN M Cato, IL ma Grins Pnt, m me .wnflunme)

MAP PROJECTIONSUnhwaa!Trm- M-W (UTM)zone45.

I
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MAP UNITS meters

DATUM NAD27

SOFTkVARE VERSIONARUINFO v.6. 4.4, s.. Sparhmon

INTENDED USE OF DATA TM, layer was designed as e mea”, to wovide infomutin ah”, the .*.”, of flti”# during the ~ak flti(”g In 1993.

LIMITATIONS OF DATA The wWQ”,I ecx”rmy of the coverage m,dhates is a ded”clke time,. based o“ mible .,,.,s that may h,,. .xcu!md during each

pcdution 91.P. Thesa errors include so.rcs of data, and .xc@nate pojtim The accuracy is mmnatm m m f m fret.

COVERAGE DEVELOPERS Scientific ASSeSWOe”t and St’atqy Team (SAST),

CONTACT SAST Oatabase Administrator, EROS Data Center, U.S. GeclcqkS Survey

GIV S!!”x Fa!k

State or PrcM”ca SD
Pcwa.ctie 57498

ConlacVoica TelePhone 6055946091

ORIGINAL SOURCE INFORMATION

MEDIA 8mm taPe

AUTHOFVAGENCY Emlh Sa!el!te Cq.

pUBLISHED DATES 1993

SCALE 30 meter ‘e$ol”lwn
PROJECTION UTM ,0”.15, NA.D27

PROCEDURE USED TO CREATE THE DATA Ea”hS.t Purchased (mm EOSAT the LANDSAT images Io, the mtiti during the Peak flti”g. They Pwfcmmd the

imagery maw, ,0 etiad three .,..s that had stanti”g water. This AR~NFO F.3mom cnvemge was the” detimred to SAST (Stienlfic Analysis

Assessment Team) a m“ll+agency wwkgrouP vmrti”g M EROS 0,!8 Center i“ Sm.. FM SD. No changes were made W the SAST wow TWL9data was

then Provided 1.3tie US Army CorPs of Engi”eels

REV IS IONS MADE TO DATA none

REFERENCES none

C0MMEN7S.OIIB

Poiwan AW,bute Ule Items (PAT]

GRID-CODE Thm numb, of GrH cdl from whkh the follwi”g atlrib”!e Mcurnation was extracted,

RECNUM Not Know”

NEW-CODE Tiis WIIb”te ca”tains the i“fc$ma!wn deWi”Q WMCh WMO” are dads, Mated water, ,.6 werbank IW4ing.

0 = blank, “otti”g

250=0verbank Ikc8ing

252=1 scla1ed waler, Iati, W“ds, etc.

255=Clouds

999=bhnk, notti”g

DOCUMENTATION DATE March 10,199S

DATA THEME Land Use

DESCRIPTION. Land Use data is Anderson level 2 with “SW definti Anderson be 3 for mm, clammmtions. The area covered i“cl”dm Ponca Nebm,ka to R“!u

Nebraska Ori#”al Ha’40w M$e map ‘+/8,8 based on 471,24,000 U. S.G.S. quad,.

ABSTRACT Th!a coverage co”~”s wbo”s wrese”U”g afferenl land class flcalkans,

STATUS : Done

GEOGRAPHIC AREti Ponca to R“lo, Netiska

MAP PROJECTIONS Ahws Equal Area,

MAP UNITS meters

DATUM NAD27

SOFTWARE VERS1ON ARC/lNFO v. 6.1.2 Sun Scar@lalkan

INTENDED USE OF OATA Thh dab was desb”ed @ ~ used as a mearw 10 determine aaeage .af land use IICCded by Slemative

LIM1TATIONS OF DATA Land Use !mNo”s are “0 mcfe a.xurate than ~3 metem of & W, kcation o“ the faca of the earth.

COVERAGE DEVELOPERS U.S. Army Cww 01 Engineers, Omaha LMrii.

CORPS CONTACT Jon Kra@, US Amy CW8 of Eng!”eer9. Omaha mslrict Survqs, MaPPing and GIS SM.”, 215 N.xlh 17th Sfmel Omaha, NE W102 Phone # (402)

72214614,

FAX (402] 2214614

E-MAIL jkIa@snmgisl ,mro,.sacaarmy.mil

ORIGINAL SOURCE INFORMATION

MEDIA P!astk and Mylar mw.s

AUTHOFVAGENCY M&so”ri tiw, Basin Slates Asscdatio”

PUBLISHED DATE(S): t982

SCALE 1:24,000

PROJECTlONGecWaPMc Nad27

PROCEDURE USED TO CREATE THE DATA Sheets 1-30 WC. scanned end Worized by GEONEX m the Kansas Uly Sca.ni.g Cn.vad. She@s 31.47 were

d@zW.. m ALTEK tigtza by the Ccws.1 Engineers Scam shrinkage was noted on the phstk overlays .igbzed, The S.rveP, Mappi.e and GIS stion

MIib”!ti sheets 1 -41 with the aPPro@ate kmd “se de, An AML was Wile” to Ka”slate the cd. I“1O “,,[0- 1,*.,1 dawiPlima fcf each Anderson Lwe

ARC AWbute He Items VAT)
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LENGTH Lm@h of arcs in meter% (Gain P“ter ge”eratti]
P.SWO” Altnbute He Item, [PAT)

ARE.4 Ace. of the psyyan in square mews (C.nlll”tw generated]
PERIMETER Length .af the FoB.” F@meter i“ meters [bmwte, generated)

CODE: The 1,”4 “se tie for each P3twan,

LEVEL-1: Anderson Level 1 cd..

1 = ur&n m Built UP

2 = Agricu!lure

3 = Forest

4 = op. waler wetland

5 = sand Bam and vegetated wetland

8 = B,”.”

TEXT+ Tatiual desc+km of each level (,x F.,,*I]

LEVEL.I k Am%mcm Leve 2 Cd..

?1 = Residential

12 = Cmmer.bl

~3 = Industrial

1.?/13 = Mtaed Ccmmwcia Ind”smal

14 = Tm”w.xation

15 = Uulmes

16 = Waste Wale, Treatment

17 = sow waste msFOsal

18 = Inslati.mal

19 = Parks and Recreation

21 = CroPland

22 = Spedany crow

23 = Confined Fed”g 0F9,etio”

24 = GrasslandM@a”d/PMt”m

31 = Flc@ Plain Wccda”d

32 = Shr”bland

41 = M!sx.ud R&er Mah CIIa”r@

42 = Mkso”d Riir Nde Channels 8.0 Bachwa!ers
43 = Tributary FWers and S!feams

44 = I“twmillent Svemm and Watercoumes

45 = Lakes

46 = Pond,

54 = Sandbars

52 = Emerw”t

53 = Shr”t.iaest

53!52 = Mlwed Veqelat6d Wetlands

61 = Woes O“a”ies Gravel Wls Etc.

62 = Sand Dunes

63 = Other

TEXLII: Textual DEsuiPHon of each level [.x Sand Dunes].
LEVEL.111: Anderson Lwe 3 Cd.,

1?.1 = Single Femib
11,2 = MOME Home

1 t.3 = M“N.famib

13.1 = Agrhultural Storage

44.1 = AirFar@

14.2 = FWEr Teminab

14,3 = Land.besed Tenri”ak

94.4 = Interstate ~ghvm~

14.5 = Raikcads

15.1 = Pm, Plants

15.2 = Water SW@y

21.1. Center-pivot Imalkan

34,1. OvEr 75% Cw+m Cnmr

31,2 = 25.74% Crow! Cover

31.3 = Recsntb Cleared
41,1 = M“dflots

42,1 = M“dflals

45,1 = M“dflals

46,7 = Mudfla6
TEXT.l [1:Texmal DeWiptkm of aach Ibve (E. Ra!hcads)

DATASET Converted 1:24,(COU.S.G.S qwds.

DOCUMENTATION DATE March 10,$995

DATA THEME Blue, BbCk, Photo UF.5a1e and Redbrcnn SeEWate.

DESCRIPTION I“terOraDh Desian files wre created M U. S.G.S. mtir swwates The area covered includes P..-, Netiska to Rub, Netfaska Original Hardcvw
Ms. maw we,, basec o“ 591:24,000 USGS, quads,

ABSTRACT Thesa c4verages cvnlain arcs re!nesen!ing 6flem.1 !henws m a 1:24,000 U. S.G.S. Wad.
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GE02MPHIC AREA twbmra t. Rub, Nehsti

mp PROJE~IONS Net.ra*k8 state pbne zone south.
MAP UNITS feel

DATUM NAD27

SOFTWARE VERSION I“tefwa$.h I“rcad$ and Inewresa

INTENDED USE OF DATA This dati was destined W h umd as a means of wtomatlca!ty ge”er,ting M otilines via uNET mtieli”g.

LIMITATIONS OF DATA Am Wne$ated are.. more accurate than 13 me!.= of is we l=ca.tion.. the faca of the emit!

COVERAGE DEVELOPERS U.S. Amy k 01 E“ginews Omaha DnWti.

CORPS CONTACT Jon Krwt, US my tip .1 Engineers Omaha Oiswiti, Surveys Mapping and GIS Sectbn, 215 Nalh 17th Skeet, Omaha, NE 68$02 Phone # (402)

72214614,

FAX (402] 2214614

E-MAIL jkragt@am@sl .mro.usace.mnw.mll

ORIGINAL SOURCE INFoRt44r10N

MED\k M@, $amm&s
AUTHOFUAGENCY U. S.G.S.

PUBLISHED DATE(S) vamus

SCALE I :24,000

PROJECTIONG8CWWF,S Nad27

PROCEDURE USED TO CREATE THE QATk u. S.G.S. sewmtes W. scannec at 800 alp!, wawd into Nebraska Stateplane cvardma!es, vectorkec and converted into
Inlwwaph 3-D dadgn flm. The wad C.mwmbn was mcsmprnhd by Cc.nwter GraPhka Ane.nm ?ia the Kanses DMrM scanning Contract The ma was later mnveded

into ARCllNFO with an AML maw by the Omaha D=lrti that c$eates a mwraw fw each lam of the alma. fi!a

I OA1~Whwwtcdl:24,0YlU.S.G.S DW81 Lim GnPh files

00CUMEFJTATION OATE MWCh I o,~ 595

DATA THEMG _aPh)@rtcws), Reads, Rat), Hydro!cw.

DESCRtPTlON DLG II+, mm c2.”titi into ARCllNFO acd orobcled from UTM to Net.nska State Planes 20”. South. All k- other than hvmsc4raDh, were cv”vwld

1 into InteqraPh 2-D desla” flea. ARC4NF0 can “M c&k 2_0 desk” fiks so Jon Kr8@ mealed a 3-D DXF file Mih was im@6d ‘into i“&”mPh. The

lnteqraPh desb” fib. W’W matdmd to me quad, that we can-tied !h,cugh the Kmsas 06VICI Scnn”inS CO”lrati.

ABSTRACT ThW -w cvnm!n am+ mm$mtiw dim themes on. 3:24,000 USGS. wad. 0.!7 the contours mntain e!a.mon values

STATUS M.

GEOGRAPHIC AREti AICalOn 10 Pa&n Juntio”, Netcaska
MAP PROJECTIONS Nebraska State P!am Zone South.

MAP UNITS lent

DATUM NAD27

SOFTWARE VERSION I.twgmPh Im.m. m IwexPm5 O-U. FM

INTENDED USE OF QATk This .$a!a was deS@d to km usd 8s, a means d aulmmlkaty w“eMUn9 W otiti”es @a uNET snfcw=e.

LIMITATIONS OF DATA h ge”efated am “o mwe a.x”,ate than 13 melaa .af h (rue Ikalo” 0“ the fats of me .,”h.

COVERAGE DEvELOPER% us ,G.s. and the AmnY tip of Englnesrs, Omaha DWkt

CORPS cO!+TAcT Jon Kre@ Us my cups G4Enginwm Omaha Dwti, S.rvqa Mapping and GIS section, 215 Nom 17th street, Omaha, NE 68102

Phone # (402) 2214644.

FAX (402) 2214674

E.MAIL jkI@@mm@M .mm.sacamny,mll

ORIGINAL SOURCE INFORMATION

MEDIA: D@tal Line GmPhs,

AUTHOPJAGENCY U, S,G.S.

PUBLISHED DATE(SI vndws

SCALE I :24,C00

1

PROJECT1ONGWC@,k Nad27

PROCEOURE USED TO CREATE THE DATA See dee&@ion.

DATA5~ Pwc, Pl,nb, Powm Line, ●d titiom,

Cn3CUMENTAT10N DATE March 10,1 S95

DATA THEME Pm PLants, P- Lines and Sutaw’m.s.

DESCRIPTION TM map $hmw !ceatior@ of - plank, -r lines aod S.b$almns for 1- and Netfaska various Wibuirn Shc.w k.. substation and wt.w @ant

lYTas.
ABSTRACT Them cawfaw$ cvnlain arcs and pdnb shc.sing P- Lloes, Power Plants end Sut.wbns fm !k.wa end Nabrask9

STATUS be
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GEOGRAPHIC AREA Ibvm and Nebraska

MAP PROJECTIONS Altnrs Equal -..
MAP UNIT% meters

DATUM NA027

SOFTWARE VERSION ARCANFO vemwn 6.1.2

INTENDED uSE OF DATA This data was desr.aned to b wad in reputing Ilmd aitwnalka impacts.1 -r plants and substations.

LIMITATIONS OF DATA - and paints Qenwated me derti Iran a 1:1,267,200 W unknown aoxrfdss

COVEFWGE DEVELOPERS Weslem ?woa PC”J.WAdmi”!slraticm

CORPS CONTACT Jon owl, us Army cnrps of Engine%rs Omab DMrEI, S. w, Mapping and GIS Sect.an, 215 Ncmh Ilth Street, Omaha, NE E4102 Phone # [4021

221.4614,

FAX (402] 22~4614

E.MAIL Ik.Ie.gt@snmgkl ,mro.”saw.amw.mll

MEDIA PaFW nws

AUTHORJAGENCY W.A.P.A.

PUBLISHED DATE(S) 1994

SCALE: I: 1,267 ,200
PROJECTlOMUnknc.wn. Tmnsfwned (mm! township and Raw. LinOs

PROCEDURE uSED TO CREATE THE DATA Pam maF6 Wm tigtied 0“ a“ ALTEK dbtmer usin9 .41cE6* -,,. CQwdnaea W+Ie W“6f0rmEC frcm 10wmshiPand

Raw. M-. Arcs and mints were .tWbutEd bY the SUIWP MaPPim? and 01S seam., Omaha Dtih! fmm da~ [~t~ o. the WPSI m.P.

ARC AWbute FM Items (AAT)

LENGTH Le”~h of MC$ 1“ meters lCwnPtier ‘ae”wated)

W Kib Veils

OWNERSHIP: Cwner of the Pcwer U“..

Potywon A~bulE Fib !Mms (PAT)

AREA Area of the F.5YQc.r i. qua,. melem. (CMIIPuter wnmatw)

PERIMETER Lengti of the FdYa.n IwIE3eter in metem. (C.mputw get+rmed)

FACILITY PW p!at M SuMaMOn.

POWERPIANT

SUBSTATION

OWNERSHIP GwnemMP of Faci~kY

FEDERAL

PUBLIC

PRIVATE
POWERSOURCE Power sourca of WV/a Pb”t.

OIESEL
HYDRO

NUCLEAR

STEAM.

CITY Twm w lkcarnn al facility
MEGAWA~S The amount of - generated

DAT4SE1: W+ tine Mt4ation

DOCUMENTATION OATE Mm I0,w95

OATA THEME B1.fl L1.e Delineation cm lb M&sc.uti mw.

DESCRIPTION Ttiw maP shw the kcation of the bluf! *M M GavtN ptinb Dam 10 Rule. Netfaska The bluff ~ne delin-f ionIs@ ti the M~,ri ,*r

ABSTRACT Ths covarw c.a”takm arm and e !x+wn of the Mw”ti FWer Flccd Phi”.

STATUS Dam
GEOGRAPHIC AREA Gad., Point Darn to Rub NebrMkE

MAP PROJECTIONS Alks Equal km.

MAP UNIT% meters

DATUM NAD27

SOFTWARE VERSION AR~INFO wmia. 6. I .2.

INTENDED USE OF DATA Ths ma was deswmd 10 t+ used to ill.$m.te Ihe M8souti RNw FM W. !. cnnj.ncl!on wtih the C4mwtw wneratec aitwnative3 The data

k ab used to -Ieulate Bluff to Bluff acfeage Cwnts .3s’4 as siwlefnent me iano use dais were da- kea m exist.

LIMITATIONS OF DATA AJCS a“d Pyw.ns generat6d are 6wW M 3:24,000 us ,G.s. mass am we no mm accurate than 13 mews rewi I. u.. ground Wan-.

COVERAGE DEVELOPERS surws MaPPi.’a and GIS StiW..

CORPS cONTACT Jon I@t, US Army CnrPS of Engi”fam, Omaha DWti. S“!WF MaPPing and GIS Sec+an, 215 Nc.ih ~7th SVeet, Omaha, NE 68102 Phone # (402)
22148t4.

FAX (402) 2274644

E-MNL jkIawZF3nrn@91 .mm.usam.army.mil

ORIGINAL SOURCE INFORMATION
MEDIA CW@l 1:24,000 quads
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AUTHOF71AGENCY U.S. Army Ccqs of Engineers

PUBLISHED DATE(SI varrn”s

SCALE:l :24,000 “

PROJECTION Albem Equal Area

pROCEDURE usE D TO CREATE THE DAT&. BI.H Iines were ~=oerated by fmwng abrupt changes in the cant..r densiy of 8 dqita f ,24,000 U.S .G ,s. ~uad. weads

“P” Ngltizing Lechniq”m were wed to duecUy meat. fhe Hnes by the Surveys M.aPo!ng W@ GIS Semen.

Arc A!trib,[e file Items (AAT]

LENGTH Length of arcs ;“ melws (COmP”ter generated)

Polvw. Attribute File Items (PATI

AREA. k 0! ma rohm m ,.”.,. met.,,. tcom$wle, generated)

PERIMETER Length of the wIN., @,ne,er i“ mete,,. [ComPUte, generated)

OATASET 8 Hydro Stion Akematives.

DOCUMENTATION DATE: March 40,1995

DATA THEME H@rO sewn Alternatives (Fbcd own..),

DESCRIPTION Ti+, maP show the Alterna,iYe fl@d ratygo,s a“fmnatically ge”eratd by the Omaha Llsldd Hydro stion

ABSTRACT These coverage, COnt@n arcs .,$ a @qon, of the 8 ,Ntema,ive$ generated by the Omaha Qmtrir,l w,. sec,bn.

STATUS Done

GEOGRAPHIC AREA Omaha ,0 Rub, Nebraska tiW” the Mssou,, We, FIc.X Pldn.

MAP PROJECTIONS: Albem Equal .4,...
MAP UNITS me,.,,

DATuM NAD27

sOFmARE VERSION ARCIINFO version 6.I.2

INTENDED USE OF DATA Th,s data was crea!ed in l“!e,grqh and converted to ARUINFO ,. mlculat, imPacls Eased on No Resew(m, NO levees, Levee setbacks

Maximum Levees, 5% Redu~on, 10% R6+u~on, 25 yew notch and Base co.ti!k?ns, The 8 polygons wers used to calcu!ata acieage impacts by land use by

Cn”nty end Cfwa fa.ilty impacL.

LIMITATIONS OF DATA A,CS and WIWN generated me derimd ion a surface ~eated in (. fergraph M I :24,000 u,s.G.s. cOnt.wr inf.rmau.n and C.rp, wide SPL
elevation,. The s“,+,,, created generated arcs that .,. ecwrate ,. map, ana are no more ,Cc”,ate than 50.,00 meters r.,ative to true ground tis,,,ee. The

Intergwh system uxM mat handle all the data provided and !Mnn;ng of elevation infommlon was ,eq.irad for the 120 m [h stretch, Due t. me thtnnlng, the
arcs ham a wave palm” w. me “s k zmed h to larger Scabs,

COVERAGE DEVELOPERS : H@ Semen.

CORPS CONTACT Jo” Krag,, US Army CorPs N Engineers Omaha CXsfrti, Swveya M-wing and G,S Seclb”, 2,5 No”li $7th Street, Omaha, NE 68,02 Ph.”. # (402)

2214614.

FAX (402] 221-4644

E-MAIL jkragt@wngnl .mro.usace.army. mil

OR! GINAL sOuRcE INFORMATtON

MEDIA mgi,al 4:24,000 wads and u$ACE SW, e,wations

AUTHORJAGENCY U, S.G.S. and the u.S. Army CorP, ❑f E“qineers

PUBLISHED DATE(S] “8,[0”s

SCALE:l :24,000

PROJECTIW Nebraska sla,e ma,, 2..,

pROcEDURE usEo TO CREATE THE OAT* The Alternative, ~era ge.erafd mm f :24,000 U, S,G.S quads and corp ~mvided spot eIevaoons, Intergraph INrOadS

satiare was used to generate a surface end UNET soflwa,e was wed !. generate Uha flti c.utline. The Intergraph dedgn files were then impaled into

eti”h, the tine work was cleaned 1“ artit and w@,”s we,e generated 1“ ARC/lNFO.

Am Awb”,e file Ikeml, (AAT)

LENGTH Length Of am 1“ meters (Computer generated]

Po&gofl A,trib.,e He (tern, (PAT]

AREA Ale, .f the @y90n in s9”are meters (Cc.mP”ter generat,d)

PERIMETER Length of the PIW” wrimete, in metem. (hw,l,r generated)

DAIA$E1 w,, Setim Flood Otititt?s.

00cuMENTA740N DATE March I0,7995

DATA THEME HWO ,%$5” ARer”alws {F1ccd O“ltine,),

DESCRIPTION : ThLs nw shows fhe 1993 flti event tom Omaha ,0 R“lo, Nebraska 1“ the Mkso”c! rive, F!ccd Plain,

ABSTRACT These WVWW.S contain arcs and a FObWn, of ,he 1993 Flcad ,“.”, horn Omaha ,. R.,., nebraska

STATUS :0.”.

GEOGRAPHIC AREA Omaha to Rulo Nebraska within the Wssouri FWer Flccd Plain.

MAP PROJECTION% Ak,ers Ewal .Wea

MAP UNITS: meters

DATuF.4 NAD27

SOF WARE VERS ION: ARC/lNFO versbn 8.1.2.
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INTENDED USE OF DATA This data was createc in Intergraph and caweried 10 ARCI NFO to cak.late impacts based . . the 1993 event.

LIMITATIONS OF DATA Arcs end WIWOM ga”erat6+ are derived tom rtified aerbl PholcaraPhy. The imagev was .rubbw sheeted’ !0 1:100,000 TIGER data.

COVERAGE DEVELOPERS: Hydro Saclbn.

CORPS CONTACT Jo. Krw1, US Army Carps of Engineers, Omaha ilstrlct, surve~, Mapping end GIS SecOOn, 215 Nmlh 17th Street, Omaha, NE 68102 Phone # (402)

221d8f4.

FAX (402] 2214614

E-MAL jkragl@mngnl .mro.usacaamwmll

ORIGINAL SOURCE INFORMATION
MEDIA 1. = 1000 Black and WIT”. Aerial PhotcqraPhy

AuTHOWAGENCY u.S. Army corp of Ens!nem

PUBLISHEO DATE(Sk 1993

SCALE:l :12,000

PROJECTION: MIA

PROCEDURE USED TO CREATE THE QAT.4 The llwd oultine W.S generated by .C”bber sheeting. Aerial PhotwraPhy to TIGER data The flti OUtti”es were -mated by
nead up. dgltizing the photo Intmweied !lcd outlines from the imagey. The .uttines wem then CO.vmled in 1nlergaph, cleaned and Wojecled into Albmm

Equal Area.

Am Allrib.!e Fle Item, (.44.1)
LENGTH Length of arcs in meter%. (Cm P“ter generated)

PolyBo” Allr!b”le Rla !fenn [PAT]

AREA Area of the PC@7.m in square meters (COW,”!., gene’ated)

PERIMETER Length of the P91YW” P%rims!M in nwfers (Comwter generated]

DATASEC hlmior, Menu and Main Charm Flooding.

DOCUMENTATION DATE: March $0,1995

DATA THEME: Interbr. Etierior and Main channel Flccdhg.

DESCRIPTION: This mw shows me 1993 Mm .=.1 hn Omaha t. R.!., Nebraska in the Mksnuri river F1’=cdPI.;. rnth enhanced infcmati.n de~j..d *.m P.MS
meeting and ground t,”thng rqwdng the lym of Ikx@ that cccu”ed i“ each area.

ABSTRACT These cnverwas contain wcs and a P+w3ns of the 1993 Fiwd event from Omaha to Ru1o, nebraska

STATUS 0.3”0

GEOGRAPHIC AREA Omaha to Rub, Nebraska within the ME.souri PJVW Flcad Plain.

MAP PROJECTIONS. Alters Ea”al Area,

MAP UNITS : meters

.DATUM NAD27

SOFTWARE VERSION ARCllNFO verskm 6.1.2

INTENDED USE OF DATA Tils data was created 1“ l“tWWWh .M converted to ARUINFO 10 cak”late 171wcM &,ed 0“ the ~993 Wet.

LIMITATIONS OF DATA Arcs 8.6 Fokgons ganerated me derived hcm ratified aerial pholcwaohy. The imwery was .Cubtw sheeted. to 1:100,000 TIGER dale,

Information Iran pubfic meetings and field investigation was in.wrparated !.1. the da!. 10 delemine the type of flccding.

COVERAGE DEVELOPERS: Hydrc Secliin.

CORPS CONTACT Jon Kmgt, US Army Cccps of EnL!ineem, Omaha DMrid, S.rveq, Mewing and GIS Section, 2f5 Nmh 17th Slmet, Omaha, NE 68102 Phone # [4021
2214644.

FAX (402) 2214814

E-MAIL jticqt@mm@s7 ,mro,usace.army. mil

ORIGINAL SOURCE INFORMATION
MEDIA Hyd<o Stion Flwd O“tM”e

AUTHORJAGENCY us Army C+rps of Engineers
PUBLISHED DATE(S] 4993

SCALE:1:1OO,OOO
PROJECTION N/A

PROCEDURE USED TO CREATE THE DATA The need .a.tnne was generated by .r.bter sheeting. Aerial ohotqraphy t. TIGER data The need outunes were created by
nend up. d!gilki”g Iha photo blerproled IL?@ .mlflnes ion the imagery The ..t!nes were then cvnverled 1. Intewaph, chned, and Prc@ted into Albem

Ew.1 Area. l.$mmau.. from Publk meetin9s and field inv6sti9ation was inccwaatex into the dab regarding the wv of flc.=d that cu”.ed in a Pemc.hr am.

Arc Attribute Fie Items (AAT)

LENGTH La”@h 01 arcs i“ meter,. {C.mIP”ler W“wa!ed)

Pdyyan Attribute ~le Items [PAT]

AREA Area of the ml~on in sq”we me!,,,. (Ccmp”tm gene,.t6d)

PERIMETER Length of the palyg.n P&mete< in meters. [Computer genemte$

DESCRIPTION Cnkx of the mea of interest

DRY LAND

OPANGE

STRIPED

yELLOW

DESCRIPTION The Tyw of Flc&J”g

INTERIOR AND TRIBUTARY FLOODING
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I

IN7ER10R, TRIBUTARY AND LEVEE OVERTOP FLOODING

MAIN CHANNEL ANO LEVEE OVERTOP
AG.CLASS

0

:

DOCUMENTATION DATE : March 10,1595

OATA THEME Ac$eaw counts by m“”ly by land use tyce

DESCRIPVON The8e 72 maw shcm each of the 8 dlwnatiws fw 9 ca””lies with land “sa and acreage w“*. COmIma delim@d asd files w,. meatd dqidhg lb

land use end aaw hnp.acled $x each cOUnly The awn F@ ‘#are the. ihwaled in!. a speed sheet M sxial and mncrm ama!ysm, m welt an, ullkal Famy

impacts

ABSTRACT These -ss cnntin arcs and a PoN.am of the 8 Aternafw ,!”a& $x the Fkcd P!a!n Ma”a@ment Assessment and am Mc.kan dawn by UXnly and

#tenl,fF.e

STATUS Done

GEOGRAPHIC ARE& Omah, to Rub, Nebfaska M“ the Mksauti Fdv6f Flc.a4 P!ain

MAP PROJECTIONS Atbers Equal Area,

MAP UNITS meters

DATUM NAD27

SOFTWARE VERSION ARCilNFO VW6W” 6,<.2,

lmTENDEO USE OF DATA m+= data was mead by a UN1ON and CLIP - in ARcnNFO, The -se. used in the creak.. of W* w&d include the 8

atiematiwas CLWnly L.wndanes, the Omaha D&W CWil Bc.”ndwy and the MleEouri Rii Bash land “ss dala.

LIMITATIONS OF DATA Arc$ and L’+QOIW ge”era~ me dmlvnd from the data Isled in IMENDED USE OF DATA. The acs”recq k therefore “o tell- III.” lhe least

acwrate CaVWaW “*M. Etinmte the 8CCW8W b “0 hsllel than 50 mel~ horuo”tal dtin.ea o“ the ground.

COVERAGE DEVELOPERS s.rvep, MaPPi.9 end oIs sti.n.
CORPS CONTACT Jon Kmgt, US Amy CWPS d E“@”9ws, Omaha DMrbl, Suw+ya, Mawing ❑nd GIS Sndbn, 2t5 Norlh 17th SVeet, Cmaha, NE 68102 Phone # (402]

22148~4.

FAX (402) 2214614

E-MAIL jkm.at@nmgkl .mm.usam.army.mil

ORIGINAL SOURCE INFORMATION

MEDIA Omaha CMI Eaundwy Mwwd Rker Basin Land U=, CO”MY Boum5av and the 8 Al!wnati,

AnHOwAOENCY U.S. Army Cc4ps of Enginears

PUBLISHED DATE(S] WA -ted In 1995

SCALEVatius

PROJECTION A18ws Equal Mea

PROCEDURE USED To CREATE THE DATA The Blun Line c+a.an was uNlONed ‘Am the Mii.ri R&w Basin stat.. As8cclatbn iMRBsA) ti.d USE Dam. The

MRBSA data did .01 amp .Xlend MM 10 Muff, thwntie, # F.3ygcm, mt dasm~ Wilh a !and use d. was C4assimd WW 0, w.dassi&T The

blufl.nne.land.use map w clipwd .CQ3W Cut’ by me 8 Anemawea .0.5 the MWung -.aes mere cllpm by the 9 counties Acre. were men

ea!datud am w in a. twn ca!!ed ACRES. The sl?/.!BWa functhm w?. h u wnew.te ammge cmnws w !arm use ..4 un!c.aded into a ma dwniioa

a$d file, Thm wSUWd i“ 12 maw.

Arc AIWt.ute file Item, (MT)

LENGTH Length ‘af wcs 1“ metms (Camwtaf gennra!~)

Poiwa” AWbute File ltenw (PATI

AREA Area of the cam.. in square meters (Cc.nwter generated)
PERIMETER Le”EIh of the c@won wrhwter in meters (Cmnwlw generated)

CODE sea MRBSA
LEvEL.I see MR8SA

TEXT. I: see MR8SA

LEVEL-II ,69 MRBSA

TEXT.11 : see MRBSA

LEVEL-III: see MRBSA

TEXPll k see MRBSA

ACRES Ca!wUteS M d

04TA$KROCK ISLAND L~ES

00CUMENTATION DATE JUIW 3, 1994

OATA THEME: emt+nkmenls

OESCRIPTIOM Lwse cn”!efl”w ,$ am and !he areas they -a, wm.”, i“ the R& Is!and DLslrict

ABSTRACT ThLs cawrage omlains pc.i?lwr,s rewesnnt!ng the areas rwoledec by Iwees. EM paw.. k mpsed.1 arm mprese.ting the centerline of lewns w other

w-of WQ@C@II and UKS rePr=.@ Ihe f.fient of *. !.- d~!rid WWh !S an ebvalkm mat mmesw.mds t. the WA 01 wc+ectian Imp of the levee).
lhw cowrage canlains me all Iwea dwlcls mat w eilhw built with federal do[hr$ w asked 1. ham their 1.- inspxtad for etigibww in the PL.84.99
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STATUS 90% dom

GEOGRAPHIC AREA Rmk Island DMfti

MAP PROJECTIONS Univmsal Tranwama! Mwcatcu (uTM) zone 15.

MAP UNITS matera

DATUM: NA027

sOTFWARE VERSION ARCnNFO v. 6.1.1 S.. Sparkstatii.

INTENDED USE OF DATA TM data wan duimes 10 M used as a means to wt. 1- in the Reck Island Oemti .06 to be able to Q.ickv .W Infwmaron oended
In mergeocb,

LIMITATIONS OF DATA The Wee wntemms M diir.ed off of USGS 7.5 minute quadrangle map. The acwacy is estima!wd 10& within 80 feel d m true lxalon.
The a= de flnlng the extent M ptacton WW9 hanO drawn onto the wad sheet using the towgraphy contours 8s a guide, The accuracy k mtimatec 1. M

w+lhln o“e.han cd . GO.lcw .,,0 ha true .*.”, 01 pfoln.xc.l.

COVERAGE DEVELOPER u.S. ArmY CcfPS of En@ne6fs, Reck lS1.M Dlsb%s+

CORPS CONTACT Thcmas OeWme, US briny CWF5 cd Engineers, Reck Iskand Dii, Operafons Dim., Ckxk Tow B.lrntna, P.O. 8.x 20C4 Reck Island, IL 61204-
2024 Phone # (309) 794.5674,

ORIGINAL SOURCE INFORMATION
MEDIA Pam CVPY of mw.

ALITHOWAGENCY: u.S. (htlcakal Swwy

PU8LISHE0 DATE(S] 1948-1993

SCALE 1:24,000

PROJECTION Sweptine

PROCEDURE USED TO CREATE THE DATA CCW al Engineers suw maps we .s4 10 awrate!y Iccste me lke8s 0. USGS 7.5 minute maps. when mnvey
nmpptng data w not amihbb, Le@ katio.al Infcvmalon .uch .s won, range @ Iwanshcp ware wad to 1?1, the wed Iw03 on the uSGS maP.

D* toundenes we haod drawn mm the USGS 7.5 minute maw using CCWS of E“QI”6M8 survey mcaras m a mfere”=. Cn”to”r We, V/WE used as a

maP mfarema fw me bmmdmy lines Levee cmletii”es and dtitkl M“ndariss were dMt&d o“ a“ ALTEK d@&in9 tabla “*{w the s&are ,WY3NF0.

ARCJNFO -m was the” used to Lvojed me rxwwage fmm Ialludmlmgil”d, to UTM mm. 15,

COMMENTS None

ARC AWkbu!e Fib Items (AAT)

LENGTw Lengm of Wcd in meters (Gnlln!ler W“erated)

LINE_TYPE: Tyw .1 feature M“g ,w.(.=M9c by the ARC.

LEVEE Centuilne of an earlhe” -.

OISTRICT-EWWCM fine w dii taxing bdm eale”t tbt daf,nes that WI 07 the I.- dls!Iti not dti”d by !he 1-

or other fcmt’ of watedmn.

CONC. WALL.CO”CMW WI!

F’ALROAD.Rai!rcad embankment

NAME Name 01 the b- d!!ti,

Pdywn AWtb!Jle Fib Items (PAT]

AREA Area 0+ lhe *.. 1“ square meters (Cmp”tw generated)

PERIMETER Len@h of me P3iygo” Ferimetm i“ Inelew. (Cnmputer generatd)

NAME Name of the 1.- d!slriti.

STATE State .bMwbrk+.

COUNTY

MA.JOR_STREAM
SPONSORSHIP

OWNERSHIP

county “emu.
N... d me alma. having Lhe m.i” efled m the hvw dLurk4

Name of the SFOnaU resm”slble hv mainld”!ng the !SW,
Tha tyTM .af tatiw My SF.3”s.ar.

DFAINAGE DISTRICT

LEVEE DISTRICT
SANITARY DISTRICT

COUNTY
cm

PRIVATE

LENGIH(MILES]

PROTECT_YRS

UPSTRM.ELEV.

FEDERAL

Length d me 1- Sy9t6m as debnnl”ed by fieti suw+y.

Levnl of WOtec+on in tms of mars as ddenn!ned by M@9is 01 !!7. hydrau!c charati~ks of the drainage tmsln.

El&aInn of me upstream end of the WJOR_STREAM rw !SVW -. Th. E UWW the ccfne$ wiwe the ma!.

w km end m. UPSIIemm tb.back IIank lam meet Ebva!ians mamwec in feet awe sea !.wI

(M.S.L, 1923].

UPSTRM.HE!GHT A-% hei9ht.1 the MJ.JOR.STR~M War I.WE awn at me same mm. a. me UPSTRM-ELEV, measurti
m feat at.aw the Iandsw nround ewatbrl

DWTiSTRM_ELEV Elwatkm of the d-dream end of the “MOKSTR-M M, w -. d—m tie.tik *nk ww were

OvmiopPiq L9fiml OWnatad 10 war. E!+vation k measured in fed .Lwe sea Ihwl (M, S, L,1929).

DWNSTM-HEIGHT AP+~e h.bht ~ the main Srea. dw w -w in fed ataw the Lmd$ide .amund elewb., at the
dwmwream ..60! the M.WORSTREAM rimr - where the DW4STRM.ELEV was meas”rd

LEVEE.MATERL Main lyw 01 soil “M 1“ me lW9a co”slrudb”.

FOUND.MATERL Main IYW of soil in lb fnunda~km at me base of the km,

Pu.w W%ethw or “cd fhe lbwO d!slrkl mti PL+4.S9 IIIMWITI omditixn !4 Ga efi@La fw Federal cast sharin$ SUP.CC.I*

went 0! 1.- failura w overiopting.
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FEMA.CERT

ACRES,

CONSTRUCTION

LEVEE.TYPE

FAILuRE.TYPE

FAILuRE.DATE

FLOODEO.19%3.

COST.REP.93

#_PREV_FAIL

YES = Levee b eligible W foderd -st sharing.

NO = Levee dms “01 II).,, the m~”~m”m rw”ireme”ts 10 h .Ngible.
Whether M “c.! the levee dktriti meets FEMAs mi”im”m CO”titim, $0, CWWCMO”, Lwae m“,, Fovfd, # lea,, a 100

year Ieve of protecoon.
YES = Levee meets FEMAA ml”lm”m conttiom

NO = Levee dc%s “o, meet FE MN, minimum CU”WO”S

Am, Pmtetied by the levee as m=$”rti i“ ..,,9.

Whether w “01 F6de(al Funds were “s6+ to CO”SIIUCI Iha [em.
F = Federal funds w,,. used.

N = N.n.F.deral fund, wm. .s6+

m. .f are. mt.cted bym. ~$-
A = Agkutural
AR = Ag,ic,tural and Resldmla

E = E“vi’onmenta
I = l“d”st,la

R = ReSide”td

s . S,nilary

TYm of failure in 1993.
OVWWWW = levee was OWROPPW tito’e my str”cl”rd failure mxwred

Bremh = Levee failed when water Ie=l was hlw the WOW. of me 1,”..,

Date that (he I“tial tail”,, cccwred.

OAT*EP IS93 FLWD scEti4r40s

DOCUMENTATION DATE APrtl ~9, 1995

DATA THEME, Bo””d.ries

DESCRIPTION The extent of tccdng m detenrlnd by the UNET Wdrobgic cOnPute( mtiel IOr m~we”t a@m .Iler”ati”es and their affect 0“ the Flocd 0{ 1993 ~ek

k.

ABSTRACT These caverages show the exlent of flwtng for eiaht dflerent .xmtiroos, based m me !l.2ud of 1993 ueak IIWS They am as 10IW.

f) All Levees were b“i!l .to”e the 1993 raak flccd elwaf b”.

2) The 1993 F9ak W/e with a Men”l”g caeficient 010,08.

3] The f 993 $mak flaw with a Manning caeficient of 0,3.

4) AII A.3rk.lt.re levees haw a 25 Yea, went notch Plmnd.! the lower e.d of the km wsmm.

5) A 5% md”clh In 1993 ~ak !10w8

6] A 10% redution (“ 1993 F%.9kk.

7] 1993 Fbxd wth “o flccd fighting,

8) NO msds,

STATU3 comPIete

GEOGRAPHIC AREA The UPCW Msstiwi, Mksoud end IIU”OIS Riiem resptive flccddains.
MAP PROJECTIONS Universal Transverse Mematm (UTM) ZO”e 15.

MAP UNITS meters

DATUM NAD27

SOFTWARE VERSlONARC/lNFO V.6.1 .4, S“” SPwksteWm

INTENDED USE OF r3ATti Ttia layer vias designed m a means to WOW. information at”a.t the wssible extent of ilccd”g give. Cflerenl moo. afieroetives during me

-k Ilccd”g i“ 1993,

LIM lTATlONS OF DATA The Lwsitional acxxmaq of the coverage ccc$d”ates is a ded”CWe tinmte ta%ed 0“ Pcsdble ,“0,s that may have =“rrad during each

pcdudmn step. Them 6110CSinclude mum of data, and CQC@nale F@cU... The 8CC.CWY b estimated to M 100 feet.

COVERAGE DEVELOPERS u.S. Amy CO,IM of Engineers RCCk lS!a”d mslricl

CONTACT Twn 0.WU9, us Army Ccqw 01 E“@laers, R.xk Mend D!!, Ope’alons Divisrn”, C&k T0we7 Butdkg P ,0.00, 20C4 Rmk \sfm4 IL 61 2W-20W. FM.

(3w) 79&5191

E-MAIL thoma,@n-un2.nm, u,ace.amy.mil

ORIGINAL SOURCE INFORMATION

MEDIA Pee,

AUTHOPJAGENCY US Army CC$PS 0! Engineers, Hydra”tics Sec#oos.

PUBLISHED DATES: t994

SCALE 1:24,000

PROJECTION UTM zwm 15, NAD27

PROCEDURE uSED To CREATE THE DATA The us .4rrny CCWS of E.gineem used the mathematical Camwter mcdet prewarm UNET, de@aFed and prcgmmmd by

Dr. Rotefl Barkau. TMs is a onwhensbnal unsteady flow prcgmm, The UNET prwram was used 10 detemine the water .IwNw” N onmn 11. interd+ along the three

rivers. The hydraurk Engineers the. tra”spased lM. Infmrnau.a. ..!. a series of USGS 7.5 minute maps using the 10F=1wY on the maps a mfwenm for dexneamg !he

.eaienl of llccdng . tir the tifie,e”! aMa”-at@r”Mves. Thesa OWPS were [he” agitizad )“10 the ARCI NFO GIS System.
REVISIONS MADE TO DATA “o”,

REFERENCES, “o”.

cOMMENTs:nOOe
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Poiwon AIUibute file Items (PAT]

“0”.

. . . . . . . . . . . . . . . . . . . . . . . . ..-

OAT*Lr cows of E.gimem Diti.d ewndariu

00CUMENTATION DATE Awil 24, 1995
DATA THE ME boundaries

OESCRIPTION us A,mY corps of Engineem mrti toundwbs for me conunwa united states.
kBsTR4cr Th* Wm.. based mrag. sho’m the us AIMY Ccfw of EnSiReem civil works Dsm, ba”ndanes fm the continental us,

STATUS 100%

GeOgraphiC AREA cantinenla Un#ed slates

MAP PROJECTIONS UTM Zone 15

MAP UNITS Mate-
DATUM NAD27

SOFTWARE VERSION AROINFO V6.I.I

INTENDED USE OF DATA. Th= data ,et b Intended to h ,s.0 to gewr@bal!y beat. the CWPS 0“!1 Works mstit boundaries

LIMITATIONS OF DATA DaIa meets Nationd MWPI..3 ACC.raCY sta.dards for I 500,000 scab maps

COVEPAGE DEVELOPERS Thomas oewne, us mny cwps of E.gi.ews, Reck Island WL!rict Ewi..3eriw mww.a..

CONTAcl
Name Thomas DeWtle, ED-DO

Address C!eck Tower B“i!dhg

P.O. Box 2004

Reck Ihle”d, IL 612C&20C4
Ph.”. Number, (309)7W.6 153

Fax N“mbel (309)79+4050

E-M,(I Address thomas@ncn”nl .“v. “sacaalmy.mil

ORIGINAL souRcE INFORMATlOt+
MEDIA DwW1 A5C4”f0 c.avwage of USGS ar,inage basins

AUTHOR Untied Slates Geolqka! Survey

PuBLISHED DATES U“knwn

SCALE: i250,000

PROJECTION UTM Zone 15 )44027.

PROCEDURE uSED TO CREATE THE DATA

The tigilal USGS hflrdc.?k Unt Map (1:250,000) and !he uSGS 1:100,000 caunly and State tines map W. used to etiati the corps of Enginears district

taundaties. Thii is pasAble because all CCJFS Uvil Wwks bauntiarim were origl.elb based on drakmga basins. Tiis has .Uemd Wghtly over the yearn. Thus

the need f.x Slate and c-aunly b“, infc$ma!ian.

REVISIONS MADE TO DATA NIA

REVIEWS APPLIED TO THE o.wti 3J2i95. R-M cxmments for CVrrtiOnS * omaha mswht. G3Tti.n. haw be. incorwrated

REFERENCES: N

COMMENTS

pOLYGON ATTRIBUTE TABLE (pAT)

DISTRICT The .ame of tie C+rFU d!!tricl

DIVISION The name of the C- dM3ion.

DATAS~ AIRPORTS

DOCUMENTATION DATE Avil W 1995

DATA THEME aimaris

DeSCriptiOn Lantiw facilwes i. the sate of Iwa for variou, w of airman a. SUPPW4 by the FU..

ABSTRACT The airw$ls caveraw ca”ti”e win!, tha! rePrese”t the l-ha” of .,,(.”, Iandng Iwitities in 1-. The lyws of land”o Iwilfies are airmrls, ballmnrals

saaPlane base, ofldqwl hehFo”, stolw”, ufram,i II de-ik lxatb”, owmemhlP, faciltins, servkes, and scWlias information related to the la,dhg

faciliiy.

STATUS Done

QEOGPAPHIC AREA state of Iowa

MAP PROJECTION% U“kfsal Transversal Mwcatw (UTM] 20”.15.

MAP UNITS meters

DATUM. NAD27

SOFTWARE VERSION ARCIINFO V. 6,1,1 sun spackstaw

INTENDED USE OF DATA Ttis data 3.! k in!enti.d to M used to geqraphi!~ lxa!e hnang factrties in the slate.1 lava and provide n.-sav infwnmti.m needed to

Conlacl the hang facilw.
LIMITATIONS OF DATA The mti.at~ mung the wang faurtiw wern S.ppHad by the FadaraI .ww.n Administration (FAA). The wiot bum ;S aCCeSSed to k

with,” 100 feet of IS true &alb” on the tam 0! the E,”h.
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COVERAGE DEVELOPERS u.S. Amy C9,W of En@am, R.xk ls!a”d mtiti.

CORPS CONTACT Thunas DeWtie, US Army Carps of Engineem, M Is!aod D!s@ld, OW.FOM Dw4snn, Clcck lower B.iwng, P.O. Box 2004 Reck Is!%.d, IL 61204

20M. Phone 8 (309) 794.5674,

FAX (309] 794:519;

E-MAIL thomas@-un2.W.usa-.amy.mll

ORIGINAL SOURCE INFORMATION

MEDIA eklm”~ med.

Au7H0wAGENcY FM-I Atiatii. Admi.w3u0n

PUBLISHED DATE(S] March 3, 4994

PRWECTION lati!ud*longitude

PROCEDURE USED TO CREATE THE DATA The cups of Engineers, Reck ISIaM metrki C-W 89 tfack *W cn.taini.g the FAA me .timdng FacimE9. in .n ASCII

Icmmt. The Pc wsed prcgmm M-R Exca 5,0 was u$W to cvnverl the space separated Ascll file into a wm. detimfied Ascll file. The comma

dellmtied ASCII via, the” imm 1“!0 ARC/lNFO. The !aItiude, kmaittie -rdinates m “M to general, a win! coverage in ARC4NF0, The FM

database contained a da!amem Witch mnldne4 a unique tienMer Ic4 each bnm.g facllily The unil.e idenufier was used 10 H. the genemtti mint coverage

to the INFO dalaBaW.

Point Albib”te Fib Items (PAT) Fghty.eiahl tiems (e”ll”dti hem W M+) dewiti”g chmacltilm and ca$abifi!ii of each ,W” me l“cluded In the PAT

DATAKT Hwital,

DOCUMENTATION DATE Atil 19, 16U5

OATA THEME CrHkal F.cilfles

DESCRIPTION Point coverage shoal”g kcati.ams al hosr,ilab in 1-,

ABSTRACT The h.asoilab coverage cOndsls of mint Ikcalm”s mmu#V dbMzed from 1:24K uSGS C!uadrm@% A8rlbuie data b dmived from the .4994 Heath Care

FaciMes 1“ 1-. teak P“blishd by the 1- Dew. of lnslw&ans and A$+oals, Dk+sion 01 HeMh Faciwes

.Hcsptil. means my p!am that L9demled primanb to the malntenancn 01 fad filka $x the dmgmsk, treatment or care of Iv.v w mc$e nonmlatd !nd.id.a!a

suffering frcm illness injury w defmmity Ic8 a W excaedlng 24 hours 11is aho a pb- tich m devo16d Primarlv to the rmdmng of otstetical c+ other

mticaVn.ming care for M m more M-re!ateC indMduab ti a wrkd excaedl.g 24 hours 11cam h any insliiuton, ph. tilting or agency in tiich any

.-mcdaCmn * Primmib mai”laW-d tirnhheC al 0f16r6d ti the cam of t’$m w mm, “0”.m!atod egmi w i“fcrlrmd -“s <w”W”Q w rmeMng chro”ti c+

cO”’mlescn”i care W a ~ .x@!”g 24 hours Hos@ak shall include santari”ms C+ other mlal~ lnWtuOom WIMn !he meaning of !he fed.,.! w-Burton

Act .4 hospka! ehall include, in any ewx, any fatiries ‘+’hdly or wlialb conslr..ad, cmto k constructed WNh fedem assti.ca pursuant to P.bti. w

725, 76ih tingresa *PW August 13, 4946,

STATUS <00%
GEOG+APHIC AREA Iw.

MAP PRO.lECT!ONS I-TM Zone 45

MAP UNITS Metem

DATUM U4D27

SOFTWARE VERSION ARCANFO “.6.1.1

INTENDED USE OF DATA: Ttim 6.!4 set is ihUnnOe5 10 h o>%d to gec$uaoticdlb Wale hasPWs and ah wM. “way i“fcmmlkan needed to contact Itm hosPiWs,

LIMITATIONS OF DATAThe coverage depicts hcaplab as a single pint Walbn, Fr6q.entb a ho+ilal conskls of mcm than one single stnmt.re, Onk 0.. pint L3used

ti ❑a.h hc+ta ret?md- of me actual “umber of slmol”re$ ,, !he wflkda, bcalbn.

COVERAGE DEVELOPERS I?.tuti Wlthie, Stem L(ndmmk

CONTACT Name Rota! vJllhRe, PD.W, Adore=. Clcck T- Building, P.O. Box 20+4 Reck Is!and, IL 61204.2030 Phone Numbs. (3091794.5393, FaX NUmk

(3G9]794d710

E.Mail Address r.abali@”munl ,“cwsam.mnly.mil

ORIGINAL SOURCE INFORMATION

Medii t :24,000 O“adm”glea & 1994 Heath Care FacMWs (n 1A

A“!hm!Agonw U.S. Geok@m.1 Survey& 1A C+@. of IWWC.W

& Amea!s tiwon al HeaRh Fadbt(es
P“brmhed Dates

Sc%!e 1:24,C40
Project!Om

PROCEDURE uSED TO CREATE THE DATA The mers of each Quadrmgla we used m tics T- genemtti i. Lat.LmIg C.xvdlnati, Tim & paint mm.. then

manualiy d@tked km Quad maps C@tked Quad maps thm amendti into one -se. ThLs -mra#e w than p]ected in uTM.

REVISIONS MADE TO DATA WA

REVIEWS APPLIED TO THE DATA WA

REFERENCES N

COMMENTS

POINT A~RIBUTE FILE ITEMS (PAT)

HC9PilaWd : Unq”e !den!~,g number

Name: Name of Hcwtial

Address Maiting Address

c~ Name of cii
ap cd. Pc.#nl zip we
Phone h CC4, and Phone N“mW
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C9””fy cmlly mm m Wiw! Ila5pitd !s Ixated

Ouadmav USGS Q“admngle tigkked

CEO CMef Exewtlw Of&cer of hc+ta

tiedtilmn JCAHO,AOA,NON.ACCREDITED.

Beds Numb3r of t6Q9 in the tiun!y

DATASEl M,

DOCUMENTATION DATE Amil ?9, 1695

DATA THEME C~-1 F#clllt*

DEsCR!PTlON P.ai.! cavwwe shwA.g l~uon, of c=3mecmnal facilibs in 1-.

A9ST17ACT The @S COVWaW W“SrntS of mint !.xatiom o“-wew db~zd USi!lg 7:100,000 USGS DLG rCSd COVW,W9S end . IM COUOtys.iyw” CUV6TaW OS

W.ckgmund coverwdes.

STATUS 100%

GEoGRAPHIC AREA Iwa

MAP PROJECTIONS UTM ZcJne 15
MAP uNITS Matefa

DATUM U4D27

SOFTWARE VERSION ARC flNFO “,6,1,3

INTENDED USE OF DATA Thi$ data se! & intendec to te .s6.5 to wo%raphlally Iccate the cv.nty jam and state ccatiiond facilies within lava

L!MUTATIONS OF DATA The -wage depkts jai!s as a single point kcatio.. Frewenltj a jaib wsists of mwe than one sing!+ sINcture. Only one mint b used Ic4

each jai ret?erd- of m. actual ““mm of structures .1 me Wnic.lar kcatbn.

COVERAGE DEVELOPER% Rota” W!IIM., Steve U“dmark

CONTACT
Name RoM* Wtl!lIte, PO-W, Clcck T-r Building, PO. Box 20C4. Reck Is!and, IL 612W-20W, Pho.e Numb. (3W1794-5393. Fax Numh~ (309)lW.

57<0

E.Mail AOOreW mte,l@ncssu”l .nw.usfxaanny.m!l

ORIGINAL SOURCE INFORMATION

CWWIment of CumcWIIS, Slate of Iwa, Cadta tin.., 523 East 12th Slreet, Des Moines 1A 50319

PROCEDURE USED TO CREATE THE DATA The win!, were on-screen digmzed wtth the @of 1:<00 ,000 e-l. DLG mad= coverage as t-mumund cowraws Wti

fhe comwandi.g teckwwnd --s.s a c.hone CSUwas the” W 10 the mre%wnding carec!kanal fadily 10 W tie atiass and me kcalti to dam

me paint as .k$ to Hs actual Ition.$ ~lble,

REvISIONS MADE TO0A7&NIA
REvIEWS APPLIED TO THE DATA N/A

REFERENCES N

COMMENS

POINT ATTRIBUTE FILE ITEMS (PAT)

i,jaw.u : Unbue We”tiing “Umh

tyrm Caunty C4 stat, gow.me”t

Nan% Name d the c=xnty or the “mm of the -edm”al fadWy
Ad4ress MaiinQ Aaarms

City Name of CW

2P we Postal ap cd.

AIea Cede TeleDhcme area tie

Phone_# 7 dlw Phone “Uniter

..2 FWS le!+hone area @e

fax Te!+fax m%Mw numm, N qprkabh

admin Admin!=talors name.

title edminww.tam lie

imLIy7e APPhes 10 state Ccurectmnal fauhtie on$’ Sncurti Iewl & 9endw.
capacw APWSS to state mmcibnal fatiflties O.!Y Maximum prisoner cawcv.

0ATA5FC schools

DOCUMENTATION DATE May 13, 1994

DATA THEME Crtil Faciliies

DESCRIPWON Point cnvewe ah.awmg Ixalmn of schcab within me seeps 0! FEMA.lcwaGIS pmjrn.

ABSTRACT The schcab coverage Consn!s of pint !ccati.ws rne..am tigbned ion 1:24K uSGS Q.adran9h. AtwbNe data 6 derimc from deose !11fib tich h the

database WJble”t of the ‘1993-94 Educalbnal Dr@oW fw the Iawa DePaIIme”t of Educalb”.

STATUS ~00% mpl.te.
GEoGRAPHIC AREA Mlss@iPoi, Mksouri, cedar, Dm Moines lwm, Nlsheta!na, Sioux and skunk R&w -k in 1-

MAP PROJECTIONS:UTM zone 15

MAP UNll%melem
0ATUMNAD27
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SOFTWARE VERSlON:ARC/lNFO ..6.1.4

1NTENDE D USE OF DATATMs deta ,<, & intended w k used to g80WaPh&My Ixate schcols and Pm++de “ecessarl i“fomletion needed 10 COnlati these ,Chc.als

LIMITATIONS OF DATA:The coverage dePicts the schcds as a single Point lxalm”. Frequenlb a sck.a CO”sh.ts of more than one StruCt”re. Frequently a schcal

(es~clalw lhe commumy C.11e9 es) consists of more than one svuciure

COVERAGE DEVELOPERS Rob+” VWilte, S!8”. ti”dmark

CONTACT : RobeII Wllltite, ~-W, U.S. Army COW, 0{ E“g!”eem, Rmk Island DUtriCl, CICCk Tower 8“ilti”g PO. BOX 200+ Reek Ib!d”d IL 61204.2004 Phone
Numb.. (309)794.5393, Fax (309)794.57 10

E.Mail Address rob%”@ ”cr9”n 1.ncr.”sam,wmy,rnll

ORIGINAL SOURCE INFORMATION
Me&a Pager F.@ 340ase 111rd.. p4.vided on

I floppy ask DIR9394. DBF 5CHLKITC.DBF CROSWALICDBF

A“UWIAW”CY U.S G@a@af Survey, 1-

DePaIImenf of Ed”catbn, Census Data Center

Publishei Dales 1948.1993 1993

S-IS ~,24,000 N/A

Projeckw State plane N/A

PROCEDURE USED TO CREATE THE DATA The ccf”ers 01 each Q“adra”g(e were used as Ucs ~c9 generated i“ L.,.Low Ceorfi”ate$. Xcs and wink then mawalv

dw~zed m @dmwle$ a~i9n!n9 a UOiWe label-id tO each SChW1. m9rtizad Q“adrefl@es were then amended. The msub”g cnveeraw wes then
Van, formed 10 UTM owrdi”ate system, The dBase file, were cn”verled [o cnmnw defim i!ed awu hxmd and cnnvelled to m [“f. table. The Info W,,, .,8

mint coveiwe We then jdned ‘.vlh j.initern command using the IaMl ;d as the related I(MI!.

REv1S1ONS MADE TO DATA N/A

REVIEWS ApPLIED TO THE DATA NIA

REFERENCES: N(A

POINT ATTRIBUTE FILE ITEMS (PAT)
ia.$chcd.ti : Un;aua labl identMcaOan number

aea Area Eduw,io” Agency number

m“n!y lwa has 99 counties. They em ““mtered 1.99 i“ alPhebetica order, See IWS ~cial Register 1993.’994

ds,rict Schc.a, dstric, “umber

“m. TIGER C.”SUS data schcol d,slrct nu,ntw

,chcal B“lldho m stie “umber

name Name of schc.a

admin Admi”k!,a(ors “WI.

tale Adm i“istrators We (I,.., PrinciPal]

address Address

ciiy City

zip.cede ap cd.

*’,8.W+3 3 dgit area Cc4e

Phone_# 7 Ngit Phone number

,,2 Area ma’, for h, macti”e, W,PPMdble

fax Fax nlactine number, M applicable

gCadesPan GredesPan

Wt.hen 0“ ,ile mm,” ,y=yes ,.,=”0

OATAS~Sm”red1,24,LV3U.S.G.Squad,.

DOCUMENTATIONDATE June 1, 1995

DATA THEME 7.1/2 !4””!0 Q!Ied 8,,, Maps

DESCRIPWON Quad ,heets fcf M quads covering the St, Paul LMr@t fkx+!.+n were ,canned and ‘ecORed and lntwgc@ Des!qn film W, created Tha ww wer,

from Ma”Kato, MN o“ the Minnesota RiveI b the con flue”cn with the M@WIIPi Rive, a“d from there dcwn river to Gulte”be,@, M

ABSTRACT These RIM CC.”W” ge.nefere”cad !ntergraoh CIT ,.s1., imagm of 1:24,000 SCAe U. S,G.S. quad sheet,.

STATU9 cm..

GEOGRAPHIC AREA ML”nes.ata R&n, (Mankato to S1. Paul] and MsissiPPl R.., (St, Paul to G“”enLwq, IA)

!/.4P PROJECTIONS. A\b%m Eoual A,-

MAP uNITS meters

DATUM NAD27

SOFTWARE VERSION Intergrwh 1UT7AS8,

INTENDED USE OF OATti TM dale was cseated for “se as base mws bn other F!03d@ah Manawme”l Asae%nw”t ana@s

LIMITATIONS OF DATA Raetm image & ti”ary (black and v,!),.].

COVERAGE DEVELOPERS US. .%ny CorP8 of Engineers St. .%!1 ~stricl

CORPS CONTACT TeOY Birke”stcck, US Army CWCS al Englneam, S!. Paul mstrlct, Environnw”ta SEW.”, G1$ Unit, 190 fifth Street East, St. Pa”l, MN 5510$. Phone

# (612) 290-5271.

FAX (E., 2) 290.5800

E-MAIL n-m]b@mtp.nti.u-ce.amy.mil

ORIGINAL SOURCE INFORMATIOw
MEDIA Pew quad ,haet

AUTHORIAGENCY. U.S ,G.S

A’M 8-14



PUBLISHED DATE(S) VWW”S

SCALE:l :24,000
PROJECTION: NIA

DATASET 1993 Flood wW”e

DOCUMENTATION DATE: J“”. t, 1995

OATA THEME F4xd 0“{((”.

DESCRIPTION Flccc etient baundarles were ge”emtec f.x the 1993 flccd cm the Mhnesota Rver wing .wda pivatwrephy.

ABSTRACT TIIL9 coverage cmntains e pdywm that mvesenls (he etient of llccdhg o. the Mnoesote RWr during the summer of 1993.

STATUS : Done

GEOGRAPHIC AREA Mankato, MN 10 confluence vith the Ms515siPPi Rwer.

MAP PROJECTIONS A1berS Eq”,l Area

MAP UNITS nle!er%

DATUM NAD27

SOFTWARE VERSION lnte’wePh MGE and ESR1 ARCIINFO.

INTENDED USE OF DATA TM data w.% gene$.ted in order 10 cab”late the awes of various land cover tyws flecded fm the F lbosP!ai” M,nageme”l .4SSes,me”t.

LIMITATIONS OF DATA Data is intendd fw use in regional planning and is not corwder.o more accurate man 1:100,000 scale data.

COVE RAGE DEVELOPERS Army Cc% of Engineers St. Paul restrict

CORPS CONTACT Twry wkemiwk, US Army corm of Engineers St. FWl restrict Envimmnenta section, GIS Unit ~90 mfth Street East, S1. Paul, MN 55101. Phone

# [6 12) 290-5271.

FAX <612) 290-5800

E.MAIL ncSFOtjb@mItD.ncd usam..rmy,mil

ORIGINAL SOURCE INFORMATION

MEDIA 9* inch BIVJ aerial Photographs

AuTHOWAGENCY. Mwkhurd, In..

PU13LISHED OATE[ST 612293

SCALE :1:20,000

PROJECTION:NIA

PROCEDURE uSED TO CREATE THE DATA Flcc4 O“ttines visually lnterPretad and o“-sween d@iized Out. Scdnnad and rti~ed 1:24,000 scale u.S.G .S quad maw

“SW Intergr+h IURAS 8 and t,VU05tatiO” sntiare The, dgitized WIYW” was imP3rled i“!. ARCflNFO es a DXF file and CO””emed Into e PoIY90” cm”erage.

POLYGON ATTRIBUTE TABLE (PAT)
Fbcded The mea considered CWTeed W the 1993 IIc@ water,.

NOTICE: The U.S. Army Corps of Engineers assumes no responsibility for errors in the information
documented. Similarly the U.S. Army Corps of Engineers assumes no responsibility for the
consequences of inappropriate uses or interpretations of the data made by anyone to whom this data
has been made available. The Corpsbearsno responsibilitytoinformusersofany changesmade to
this data. Anyone using this data is advised that precision implied by the coverage may far exceed
actual precision. Comments on this data are invited and the Corps would appreciate that documented
errors be brought to staff attention.

ATT 8-15



ATTACHMENT 9

FINDINGS
(Findings are also noted at the end of each chapter)

c~ D scription

1-a) The 1993 flood was the greatest flood ever witnessed in some locations. The areal
extent of the persistent rainfall and flooding was unprecedented. Over the nine-State
region of the Upper kfidwes~ the USGS-measured discharges exceeded the lo-year
event at 154 stream gaging stations, exceeded the 100-year event at 46 stations, and
exceeded the flood of record at 42 stations (some of which have more than a century of
data). Flood frequencies exceeded the 500-year event at some locations along the
Missouri and Mississippi Rivers, as well as some of their tributaries.

l-b) Existing rese~oirs provided $11 billion in damage prevention in the 1993 flood and
reduced flood stages up to 5 feet in the main stem rivers. Three major urban
Ievee+loodwalls in the St. Louis area would have overtopped without the reservoir
reductions. Six levees in Kansas City would have overtopped without the Missouri River
Basin reservoirs.

l-c) Damages of $4.1 billion are estimated to have been prevented by levees rdong the
Missouri River, especially around the Kansas City metropolitan area. A significant
portion of an estimated $3 billion in damages prevented around the St. Louis
metropolitan area was attributable to levees. Another $1 billion or more in damages
was prevented along the upper Mississippi River and tributaries in the Rock Island and
St. Paul District areas.

l-d) Floods greater than the 1993 flood catastrophe will happen in the future. It would
be prudent to prepare for fiture floods larger than the 1993 event. When we are
properly prepared for catastrophic flood events, smaller floods will be more easily
accommodated.

Chamer 2- Forces ImDactine Uses of the ~ooddai~

2-a) The upper and middle Mississippi River’s landscape as it existed on the eve of the
1993 flood had, for the most parL been shaped by 1940, largely by navigation projects
and agricultural levees. Urban projects had yet to be built. The greatest changes in the
upper Mississippi River Basin after 1940 would occur in the river’s tributaries and
uplands. From 1960 to 1993, the Corps would build most of the urban projects and
multiple purpose dams in the basin. The expected role of the Federal Government in
protecting floodplain occupants evolved over the past 50 years. Floodplain regulation
received little attention before 1960, but policies have been greatly expanded and
institutionalized since the mid-1960’s.
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2-b) The Federrd philosophy of floodplain management recognizes that flood damage
avoidance should generally be the first defense against flooding, complemented by
nonstructural and structural flood protection measures, where appropriate, with public
education and flood insurance included as essential components to address the residual
risk of flooding.

2-c) The inventory list compiled with this assessment of institutions, organizations, and
interest groups is another step in further understanding of institutional forces. A more
comprehensive analysis of the interaction of policies, programs, and goals of these
“players” would add value to the understanding of floodplain management objectives.

Chapter 3 - Existirw Resources and Impacts of the 1993 Flood

3-a) Floodplains provide opportunities for a wide range of outputs that include both
private individual and societal benefits.

3-b) Land use differences between the two river systems and between upper and lower
reaches are apparent. Agricultural uses account for over 77 percent of the Missouri
River floodplain and 31 to 64 percent of the Mississippi River floodplain depending on
the reach. Wetland and Forest account for a higher percentage of land use on the
Mississippi River (15 to 25 percent) than on the Missouri River (10 percent).

3-c) Extreme floods rework alluvial deposits on the floodplai~ which is a disturbance
process that typically creates new habitats for early successional biota. Short-term
adverse impacts may occur, but the long-term effect is generally beneficial.

3-d) A flood is the major way that exchanges of nutrients, organic matter, and organisms
take place between the main channel and lateral floodplain areas. Thus, even though
levees do prevent some environmental damages, they also break the linkage of floodplain
ecosystem components.

3-e) The extreme 1993 flood inundated a large percentage of the floodplain and
demonstrated how plants and animals, adapted to a flood-pulse (especially fish), respond
positively to floods.

3-f) Expenditures for the 1993 flood through the National Flood Insurance Program and
the Federal Crop Insurance Corporation were less than half of the disaster aid payments
made for human resources and agricultural needs.

3-g) At least 50 percent of total 1993 flood damages were agricultural.

3-h) Based on 1993 Federal Crop Insurance Corporation payments, at least 80 percent
of the agricultural damages were caused by saturated soil conditions, lack of drainage, or
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other causes, not overbank flooding, and most of this would not have been affected by
changes in floodplain management policies or programs.

3-i) For the 120 counties adjacent to the Upper Mississippi and Lower Missouri Rivers
and several of their adjacent tributaries that were the focus of this assessment, urban
damages substantially exceeded agricultural losses. Overbank flooding and problems
associated with urban drainage and stormwater runoff continue to occur in a number of
locatioms, as confirmed by the 1993 event.

3-j) Existing information and databases did not aIlow a comprehensive inventosy of
critical facilities subject to flood risk to be developed, nor to estimate costs to
satisfactorily protect or relocate such facilities from flooding. A substantial amount of
work remains to be accomplished to develop such information.

ChaDter 7- Evaluation of “Scenario Measures”

NATIONAL FLOOD INSURANCE

7-a) The defiition of “floodplain location”, using the 100 year flood outline, may not
be adequate. Twenty-four percent of all losses covered by the NFIP for the years 1978-
1993 were for damages outside (above) the 100 year floodplain. Some of these problem
areas are related to high groundwater from heavy rainfall or poor interior drainage not
directly related to a general condition of overbank flooding.

7-b) Compliance with prior flood insurance requirements has not always been adequate
to ensure purchase of needed insurance. NFIP reform legislation in 1994 now requires
lending institutions to ensure that flood insurance for mortgages on structures within the
100 year floodplain is obtained and maintained.

7-c) The Community Rating System (CRS) under the Nationaf Flood Insurance
Program haa potential to decrease the national exposure to flood risk by improving
floodplain management and flood damage avoidance capabilities at the local level. The
CRS is a program of the Federal Insurance Administration to award reductions in flood
insurance premiums based on the effectiveness of a community’s flood preparedness,
damage reduction measures, mapping and regulations, and public information about
flood hazards.

STATE & LOCAL FLOODPLAIN MANAGEMENT& ZONING REGULATIONS

7-d) State and local floodplain zoning ordinances and regulations could be most effective
in determining the siting of criticrd facilities that have the potential for releasing toxic or
hazardous elements into the environment when flooded.
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7-e) Improved floodplain management, including land use planning, zoning and
enforcement at the locrd and state level, can reduce flood related damages. There are
still communities and municipalities without zoning ordinances to reduce flood risks or
plans to mitigate flood related damages.

RELOCATION, MITIGATION, & DISASTER RELIEF

7-f) Flood hazard mitigation options, particularly acquisitions (buyouts) of substantially
darnaged residential structures, have been a more prominent part of the Federal
response in recovering from the 1993 Midwest flood. The process is underway for more
than 8,000 parcels in the 1993 flood area (most are residential structures) to be acquired
as part of the strategy to avoid repetitive flood damage in vulnerable floodplain
locations. Close to $200 millio~ largely in FEMA Section 404 Hazard Mitigation Grant
funds and HUD Community Development Block Grant funds, have been made available
to pursue hazard mitigation projects in the 1993 flood are% with by far the largest share
directed toward acquisition of damaged properties.

7-g) The Hazard Mitigation and Relocation Assistance Act was signed into law on
December 3, 1993. It increased from 10 percent to 15 percent the share of totaf Federal
disaster assistance that can be devoted to property acquisition and relocation projects,
and increased the Federal cost share on eligible hazard mitigation and relocation
projects from 50 percent to 75 percent. The additional funds and larger federal cost
share in paying for the projects has significantly increased interest by the local
governments and communities impacted.

7-h) The Nationaf Flood Insurance Reform legislatio~ Title V of the Riegle
Community Development and Regulatory Improvement A@ was signed into law on
September 23, 1994. Section 1367 establishes a new National Flood Mitigation Fund,
with funding increasing to $20 million annually in FY 1996 and beyond, financed from
NFIP premiums, to pursue future flood mitigation projects. Section 1366 provides up to
$1.5 million annually from the National Flood Mitigation fund for mitigation planning
assistance to states and communities.

7-i) Future Federaf expenditures could be reduced by not providing disaster assistance
for structures on Federally leased land (cottage leases afong the Mississippi River). This
could be implemented as a condition of lease renewal.

7-j) Future disaster assistance and insurance needs could be significantly reduced if the
problem of repetitively damaged structures is firmly addressed through implementation
of existing regulations by local, state, and Federaf agencies.

7-k) More extensive reliance on flood insurance would better assure that those who
inves~ build, and live in the floodplain accept appropriate responsibility for the darnages
and other losses that result from floods.
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7-1) More emphasis is now being placed on use of flood hazard mitigation measures,
especially acquisitions of flood-prone structures, as an action that will reduce repeated
Federal disaster expenditures and other costs associated with areas of widespread and
potentially substantial repetitive flooding.

FLOODPLAIN RESTORATION

7-m) The difference between “natural floodplain restoration” and “wetland restoration”
is an important distinction to make. Restoration of the natural floodplain requires
changes in the levee system to restore natural hydrologic functions and create the linkage
back to main channel areas.

7-n) Conversion of agricultural floodplain lands to wetlands and natural floodplain
would have reduced payments for agricultural damages.

7-o) A stream restoration program that could enhance over l,COOmiles of tributary
rivers and streams in each state in the FMPA study area would require a budget similar
to the Wetland Reserve Program.

7-p) Wetland restoration programs are typically underfunded relative to the interest in
participating in those programs.

7-q) A broader program to minimize the impact of local government’s lost tax revenues
resulting from land conversions would be beneficial and could reduce some of the
opposition to these programs.

7-r) Conversion or restoration of a small percentage of agricultural land use to wetland
or other naturrd conditions can significantly increase the existing percentage of natural
floodpkirs acreage.

7-s) Current theories on floodplain function predict that the area needed for an
improvement to the natural biota is probably fairly small and that restoration of a series
of natural floodplain patches (a string of beads) connected by more restricted river
corridors would be practical and beneficial.

7-t) Converting floodplain agricultural land to natural floodplain vegetation would not
reduce stages but would marginally reduce damage payments in the 1993 Midwest Flood.
Agricultural use of the floodplain is appropriate when the residurd darnage of flooding is
understood and accepted within a financially sound program of crop insurance and flood
damage reduction measures and when it is compatible with the risk to natural floodplain
tictions.
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I AGRICULTURAL SUPPORT POLICIES & CROP INSURANCE

7-u) The Federal Crop Insurance Reform Act of 1994 has replaced disaster assistance
for a~cultural crops with a prepaid insurance system for all farmers participating in
other Federal farm programs.

7-v) The “Farm Bill” and associated incentives for production or set-aside can have a
major effect on floodplain land-use and thereby, a major influence on the environmental
quality of the floodplain-river system.

7-w) Use of acreage reseme, acquisition and environmental restoration programs is an
effective way to remove vulnerable agricultural production from marginal lands and to
generate many environmental benefits.

7-x) Acreage reserve programs in upland areas have significant environmental benefits
in the areas such as water quality, reduced sedimentation increased wildlife habita~ and
reduced peak runoff for local flood reduction benefit for frequent events, but do little to
reduce stages on the mainstem rivers for catastrophic events.

7-y) Levee repair criteria are not sufficiently based on repetitive break history,
maintenance history, environmental considerations, hydrologic analysis, economic
analysis, or system-wide effect.

7-z) Although much progress has been made, in this assessment and before, towards
completing a GIS based levee inventory, more needed work remains, especially
concerning private levees, historic river configurations and hydrologic history, cultural
resources, and environmental and economic land use.

7-aa) There is sufficient reason and support for State and Federal agencies to examine
the justification for private levees that encroach the floodplain and diminish the integrity
of Federal levees.

7-bb) There is ample evidence that a major problem with existing levees is that, in many
cases, inadequate resources are being devoted to routine maintenance causing decreased
levels of protection and increased interior pending behind levees.

7-cc) Acquisition of marginal farmland and environmental restoration of that land
should be evaluated on both a site by site and system wide basis. This will help ensure
that the acquisitions are consistent with systemic management goals and to errsure that
limited funds are spent most efficiently.

7-old) The purchase of agricultural or developmental interests through buyout programs
must take into account the needs of the seller and the locaf community, business
community, and all taxing authorities to be well received and successful.
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Chamer 8- Hvdraulic Modeling of “Action Alternative<

8-a) All study computations were performed for the 1993 event only. Extrapolating
conclusions obtained from analysis of 1993 event modeling may be erroneous with
respect to other events.

8-b) From a hydraulic analysis perspective, the FPMA analysis illustrates that no single
alternative provides beneficial results throughout the system. Applying a single policy
system-wide may cause undesirable consequences at some locations. Examination of
many factors such as computed peak stages, discharges, flooded area extent, and depth
within flooded areas is necessasy to evaluate how an alternative affects performance of
the flood damage reduction system as a whole.

8-c) The importance of evaluating hydraulic impacts systemically is clear from the results
of the unsteady-state hydraulic modeling. Changes that affect the timing of flood peaks
or the “roughness coefficients” of the floodplain can be as significant as changes in
storage volume.

8-d) Flood peaks may be reduced if increased floodplain storage is provided, and flood
peaks may increase if storage volume is reduced (e.g. by levees constricting the river).
However, the timing of flows from tributaries, or the effects on timing of flows due to
increased storage, can be just as important, along with the “roughness coefficients” of the
floodplain.

8-e) Levee profile surveys of all federal levees, an inventory and profile
surveys of all private levees, and a data base on interior drainage and ponded areas are a
prerequisite to being able to further advance the reliability of hydraulic modeling.

8-f) Some levee areas along the Missouri River experienced flood darnage in the 1993
event as a result of the long duration of precipitation and flooding, exceeding the design
standard of interior drainage facilities. Problems with interior drainage facilities also
included sediment depositing erosio~ and deterioration of the structures since
construction.

8-g) Hydraulic routings assuming agricultural levees are removed show that with
continued farming in the floodplai~ 1993 stages would be reduced an average of 2 to 4
feet on the Mississippi River in the St. Louis District. If this area would have returned
to natural forested conditions, most of the system would still have shown reductions in
stage (up to 2.8 feet), but increases in stages by up to 1.3 feet would also be seen in a
few locations. In the Kansas City District, hydraulic modeling shows changes in stages
of -3 to + 1 foot for no levees with agricultural use and -3 to +4.5 change with forested
floodplains.
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8-h) If the agricultural levees along the Upper and Middle Mississippi River had been
raised and strengthened to prevent overtopping in the 1993 event, the flood stages on the
Middle Mississippi would have been an average of about 6 feet higher. Likewise, raising
the levees to prevent overtopping on the Missouri River would have increased the stage
by an average of 3 to 4 feet, with a maximum of 7.2 feet at Rule, Nebrask% and 6.9 feet
at Waverly, Missouri.

8-i) Although the Agricultural Levees Removed alternative with Continued amicukural
~ofthefloodplain shows thegreatest stage reduction exposure to flooding under this
dtemative isinaemed intheetisting agnmltird leveed arem. Risk of flooding at
urban areas was shown to decrease or increase, depending upon impacts caused by
factors such as hydrography timing.

8-j) Nthou@the A@mltird hvees Removed dtemative tithnatiral floodplains
shows the least stage reductio~ exposure to flooding under this alternative is decreased
because theetisttig a@mltird leveed memwould nolongerefist. Risk of flooding at
most urban areas would remain the same for this alternative.

8-k) Modeling results demomtrated that agrialtiral levee removddoesnotdways
provide uniform stage and discharge reduction. When levees areovertopped, they ad as
detention du, sti*gvolume offthepeak poflion of thehydrograph. When levees
are removed, the flow continues downstream in the enlarged floodway. As aresul~
higher flows may be experienced downstream at critical facilities and urban areas,
causing increased stages at these locations.

8-1) Hydraulic modeling hmshomthat localized levee setback canhaeme flood
stages downstream bycreating anew bottleneck and that aforested floodplain can
increase stages similar to a levee constriction.

8-m) Hy&aufic modeling ofreduting themnoff from theupland watersheds by5 ad lO
percent predicted average stage decreases ofabout 0.7 and 1.6 feet, respectively, on the
Upper and Middle Mississippi River and about 0.4 and 0.9 feet, respectively, on the
Lower Mksouri River. However, wetland restoration memures done would not have
achieved this level ofrunoff reduction for the 1993 event because of the extremely wet
antecedent conditions. Restoration ofupland wetlands would produce locdtied flood
reduction benefits, but have little effect onmairrstem flooding caused by the 1993 event.

8-n) Wetlmds mayreduce locdflooding intieuplmds byupto X%where
contributing areas are small. Restoration of such wetlands would not have impacted
flooding in the lower floodplain reaches for the 1993 event because most depressional
areas were already fidl of water throughout the watershed, as normally occurs during
major flood events.
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8-o) The potential to reduce flooding with further upland measures varies. In the
watersheds that contributed the greatest percentage of runoff, wetlands and revised
agricultural practices would have had minimal effect for the 1993 event. Major structural
flood control storage reservoirs would be required to achieve the additional 10 percent
volume reduction used for the analysis.

8-p) Several of the alternatives altered hydrography timing. A complete evaluation is
required prior to implementing any alternative to investigate performance for a variety of
events with different inflow characteristics.

8-q) Results of the levee removal alternative illustrated that all model results which
determine a stage and discharge reduction are extremely dependent upon assumptions
regarding floodplain use and flow roughness. A change in charnel or overbank
roughness from the conditions assumed may significantly alter computed results.

Char.Xer 9 - Evaluation of “Action Alternatives”

9-a) The hydraulic routings performed as part of this assessment for the alternatives of
removing reservoirs and removing levees verified that existing reservoirs and levees
prevented considerable damage in the 1993 flood.

9-b) Without a detailed analysis of expected costs and benefits over time, it is
impossible to determine whether a particular alternative is indicated for a particular site.

9-c) Benefits for one site are usually achieved partly by costs to another site. A system
wide analysis is necessary.

9-d) One of the biggest sensitivities of results is to loss, or gai~ in value of land due to
changes in levels of protection with indications that these could be very large numbers.

9-e) This assessment was not able to address combinations of alternatives, but firtber
analyses may be warranted for combinations such as:

- Removing or setting back agricultural levees downstream of a community
as a viable option to building higher urban levees;

- Removing agricultural levees in combination with localized protection of
developed areas or floodproofing within the currently leveed areas; and,
- Reducing upland runoff in combination with minor improvements to an
existing levee to achieve a higher and safer level of flood protection.
(The project costs would in the above cases include equitable compensation

to those in the formerly leveed areas who would have increased risk of flooding)
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AGRICULTURAL LEVEES

9-f) Alternatives such as Limiting Flood Fighting, Removing Agricultural Levees (with
land use remaining agricultural), and 25-year Maximum Height Levees, appear to have
little net potential for reducing flood impacts. While flood stages would be somewhat
reduced for these three alternatives, providing some minor reduction in non-agricultural
impacts, total area flooded would increase dramatically.

9-g) Preparation of a fully coordinated and comprehensive plan for conducting future
flood fight efforts, which includes consideration of when to cease or limit Corps flood
fight assistance, would be a valuable tool for improving fature flood responses.

9-h) The estimated costs are $5.6 billion for raising all agricultural levees to contain the
1993 flood in just the St. Louis District. While virtually all of the agricultural levee
damage would be prevented, much of the urban flood protection would have been placed
at risk and substantially more of the unprotected urban development in the City of St.
Louis, St. Louis County, and St. Charles County would be more severely damaged.
Approximately 60 miles of unprotected Mississippi River floodplain below St. Louis with
many rural and suburban cormrmnities, would also suffer substantially increased flood
damages.

9-i) The levee setback case study illustrated that setbacks of a particular Omaha
District federal levee would have prevented overtopping of that levee during the 1993
event. However, levee setbacks were also shown to have undesirable consequences such
as major losses of agricultural benefits over the life of the project. If levee setback
distance is such thatthe levee no longer overtops,resultsshowed thata downstream rise

in flow and stageiscaused at the next riverconstriction.Itisrdsopossiblethat

increasedvegetativegrowth between the levee and river would increase roughness and
offset some effects of the levee setback. In additio~ negative impacts to interior
drainage would include a longer outlet channel to discharge into the river requiring
increased maintenance due to siltation.

9-j) Adopting a standard 25-year level of protection for all agricultural levees prior to
the 1993 flood event would have resulted in an average stage reduction of about 3.5 feet
on the Middle/Upper Mississippi River and about 2 feet on the Missouri River near its
mouth. This decision would require implementation funding in the billions of dollars for
structural modifications and real estate interests and would have resulted in significantly

I increased 1993 agricultural flood damages.

9-k) Interior pending behind levees is a considerable problem for all flood events but
is of particular significance in a large flood, with heavy, prolonged regional precipitation
like that experienced in 1993.
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CHANNELIZATION AND URBAN LEVEES

9-1) There is great potential for significant flood damage in the older established cities
with extensive unprotected infrastructure investments in the floodplain and critical
facilities tha~ if flooded, could release harmful substances into the river.

9-m) The 100-year level of protection often provides a false sense of security. The
Chesterfield-Monarch are% located near St. Louis, experienced $520 million damages in
1993 despite 100-year private levee protection. Also, providing a levee with only a 100-
year level of protection in an urban area allows for unrestricted development within the
protected area. When the 100-year flood event is exceeded, the resulting flood damages
and potential for loss of life could be catastrophic. Consideration should be given to
such possible consequences of exceeding the 100-year flood.

UPJAND RETENTION/WATERSHED MEASURES

9-n) The ability of reservoirs to hold back very large volumes of runoff and thus
substantially reduce downstream flooding was again proven by the 1993 flood event.

9-o) Although upkmd retention alternatives do not indicate major changes in floodplain
impact categories, there are significant changes that could result throughout the
watershed-floodplain-river system depending on the type of retention measures used.

9-p) In some situations, reservoirs may be the most cost effective and low risk means of
reducing flood stages on major river> however, site availability and environmental
concerns generally make this option non-implementable.

Chauter 10- Other Separate Issues Investigated

COST DIFFERENCES BETWEEN UPPER AND LOWER MISSISSIPPI RIVER

lo-a) The upper Mississippi River, above the Missouri River at St. Louis, exhibits
characteristics considerably different from the middle and lower Mississippi River, due
to: a relatively narrower floodplain, and, a relatively stable channel alignment that is
well defined by existing navigation locks, darns and pools.

lo-b) The middle Mississippi River (St. Louis to Cairo, Illinois), is subject to flood
events with greater discharge than the upper Mississippi River (above St. Lnuis).

1O-C) Extending the lower Mississippi River’s system approach upstream throughout the
middle Mississippi River for a dual flood control and navigation purpose is engineenngfy
feasible, but would require specific Congressional direction and may not be economically
feasible beqause the estimated costs are approximately $5.7 billion.
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RESPONSIBILITY FOR REPAIR OF LEVEE EROSION CONSISTENT AND FAIR?

lo-d) The responsibility for repair of levees is not consistent between various federal
agencies.

10-e) It is the intent of the Corps of Engineers to apply its levee erosion repair policies
in a consistent manner throughout the United States.

IMPA(X OF REVISED ANTECEDENT CONDITIONS ON THE MISSOURI RIVER

10-f) On the Missouri River, additional releases would not have been required if the
pool levels had been at norrmd levels. Therefore, there would not have been greater
damages if wetter antecedent conditions had preceded the 1993 flood.

IMPACP OF BRIDGES

lo-g) Even in an event as massive and widespread as the 1993 flood, the effects of
bridges are essentirdly isolated and unique to each bridge and its associated floodplain.
Some bridges designed to produce no increase in the 100-year flood profile did produce
increased upstream stages when they could not pass the much larger 1993 flood flow, but
the effect was primarily localized.

STATE AND LOCAL FLOODPLAIN MANAGEMENT & ZONING REGULATIONS

lo-h) With the exception of the State of Missouri, the states studied under this
assessment have viable floodplain management programs. Their floodplain zoning
regulations are consistent with those set forth in model ordinances, and in some
instances are more stringent. The states of IOWAMirmesot& Nebrask% and Wisconsin
currently exceed the NFIP minimum zoning standards for floodway, 100-year flood
elevatio~ and critical facility siting and protection.

lo-i) Among the seven FPMA States, amual funding to administer floodplain
management ranges from $35,000 to $1 million (1991); the average is about $400,000,

lo-j) The State of Missouri has focussed its efforts since the “Flood of 93” on acquiring
and relocating at risk structures in the floodplai~ giving it one of the most a~ressive
programs reviewed. The Missouri program will acquire or relocate 4,143 structures. The
State is also in the process of reviewing legislation to implement a model floodplain
zoning ordinance in an effort to establish a state-level program.

lo-k) The States of Illinois, Iow~ Kansas, Minnesota and Wisconsin have also
developed a~essive acquisition and relocation programs to reduce the level of flood
damages experienced during the 1993 flooding. In particular, the states of Illinois,
Minnesota and Wisconsin have created state-level programs to fund mitigation activities.
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10-1) The state floodplain management programs reviewed provide a good framework
for regulating development within floodways and the 100-year floodplain. They do not
provide guidance for the protection of residential and non-critical facilities located
between the 100-year and 500-year flood elevations.

10-m) Federrd agencies could be more efficient in responding to disasters and funding
issues if standard procedures could be used, which would also provide a framework for
state regulators to improve their programs as a group.

lo-n) Floodplain managers believe that there is much to be gained if existing Federal,
State, and local rules and regulations concerning floodplain management, land use, and
zoning requirements were followed, even without stricter Federal guidelines.

INDUCED DEVELOPMENT

1O-O) Past Federal actiom to insure or provide disaster assistance for vulnerable
floodplain locations have contributed to more intensive use and subsequent exposure to
flood damages than would otherwise have been the case.

lo-p) Structural flood protection projects have tended to induce floodplain development
beyond what otherwise would have taken place, and the effects of such inducement have
frequently not been well accounted for. In most areas, however, development preceded
the installation of flood protection works. The Principles and Guidelines for Federal
water resources planning permit a detailed examination of the effects of induced
development.

lo-q) More comprehensive economic evaluations in flood control studies wordd help to
explicitly address the benefits and costs associated with development in floodplain
locations. A rational system of floodplain management would require new activities in
floodplain locations to a) self-cover all losses that will be incurred when a flood strikes,
or b) pay for flood insurance on a continuing basis to cover such losses.

lo-r) Exposure to risk in the floodplain and associated flood damages, are now too
otlen considered as an “externality”, a cost that society is asked to pay when the
“unexpected” flood strikes. Unless those who invest and locate in the floodplain are
able to assume the costs of flood damages themselves, or insure against these risks, the
rest of society (i.e., government and taxpayers) is subsidizing potentially unwise
investment decisions.

IMPROVEMENTS TO MODELING

10-s) The Corps of Engineers has now developed UNET models of the Mississippi
River from St. Paul, Mirmesot~ to Cairo, Illinois, and of the Missouri River from
Omah~ Nebrask~ to St. Louis, Missouri. Further refinement of these models and
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extending them to critical river reaches not yet modeled will require significant
additional basic data.

lo-t) The FPMA modeling has shown that some changes on the Mississippi and
Missouri Rivers have system-wide effects. The UNET model is an appropriate tool to
analyze these effects.

LEVEES PART OF NAVIGATION SYSTEM?

1O-U) Levees maybe considered to be part of the navigation system in a limited set of
circumstances. However, during the establishment of the nine-foot project, each lock
and dam site was evaluated and structures necessary to maintain navigation were built,
and are currently being maintained, by the Corps of Engineers.

IMPACT OF NAVIGATION STRUCTURES

1O-V)Sedimentation in backwater areas, navigation dams, and channel training structures
do not have an impact on flooding on the Upper Mississippi River. Charmelization
along the lower Missouri River needs to be studied in greater depth in order to
conclusively determine its effect on flooding.

1 Cha~ter 11- Desires of Affected Interes&

Ii-a) Comments heard and read throughout the public involvement process confiied
strong support for three main themes 1) levees among agricultural interests, 2) non-
structural measures and upland watershed management plans by all interests, and 3)
agricultural, environmental, and government reuresentatives are askirw for meater
c~ordinatioh among agencies resp-onsible for managing the Upper Mis&sip~i and Lower
Missouri Rivers.

n-b) Overwhelmingly, the priority response throughout the regio~ at the April 1995
public meetings, was to 1) protect criticrd facilities and 2) use upland retention and
additional watershed measures.

1l-c) The success of any change in floodplain management will require complex
coordination between all concerned interests (public agencies, private interest
groups/organizations, and local communities). Throughout all the meetings and from
written correspondence, interest groups were asking for the opportunity for more
involvement in the assessment process. Partnering efforts to determine future
management options were mentioned often.

n-d) Desire for totrd watershed management was as strong an issue as the desire for
structural flood control.
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1l-e) Any relocation/snitigation program needs to provide financial resources for
planning to assure cohesiveness of the affected cornnu.rnity.

j.
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